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POROUS IONIZER MATERIALS

TECHNICAL SUPPORT PACKAGE
FOR
NASA TECH BRIEF 68-10528

This document describes research conducted to develop techniques for
producing composite ionizers of tungsten-tantalum, tungsten-rhenium, and
a combination of all three; develop ionizers containing void fractions in
excess of 30 percent; testing of materials and processes to evaluate best
methods for producing large ionizer bars; and to fabricate and deliver 8
ionizer bars. Fine angular tungsten with Cu flake and Bn particle ionizers
were also tested. Ionizers of the first type have reached the development
stage; the tungsten, Cu and Bn combination represents a major breakthrough
in the state-of-the-art.

Several methods were used to determine particle size of the powders
combined with the tungsten and it was concluded that accurate determination
is beyond current technology (see Chapter 2, 2-7). The blending of powders
was done by motaring, ball milling, or liquid blending. Ball milling was
performed both dry and in liquid (bezene) slurry. Liquid blending was done
in a standard household unit, using benzyl alcohol as the suspension vehicle
and the forces of liquid shear to obtain dispersion of powder agglomerates.

The information in the Technical Support Package comprises the docu-
mentation announced in NASA Tech Brief 68-10528, and is provided under the
Technology Utilization Program of the National Aeronautics and Space
Administration to make available the results of aerospace-related develop-
ments considered to have wider technological, scientific or commercial
applications. This study derives from NASA s Lewis Research Center.
Contract development was carried out by M. LaChance, H. Todd, K. Butler,

B. Thompson, and G. Kuskevics of Electro Optical Systems, Inc., a subsidiary
of Xerox Corporation.

Additional information regarding porous ionizer materials may be found
in Scientific and Technical Reports (STAR) which is a comprehensive
abstracting and indexing journal covering worldwide report literature on the
science and technology of space and aeronautics. STAR is available to the
public on subscription from the Superintendent of Documents, U.S. Government
Printing Office.
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ABSTRACT ? 5f ) 3/0

This report describes work on Contract NAS3-7103 from February
1965 through May 1966. An additional 7-month effort will be covered
in Part II. Two principal types of porous tungsten ionizers were pre-
pared from (1) fine W microspheres, with additions of fine angular Ta
or TatRe particles, and (2) fine angular W, with additions of Cu flake
and BN particles. Ta and BN were added to minimize structural changes
in service and to increase useful ionizer life; nonreactive Cu flake
was. added to increase pore-to-solid ratio and provide desirable pore

S M g8 R BN U8 AN AN g8 ER mm By 9N M M e SN N

parameters, with subsequent Cu elimination. Ionizers of type (1) were
characterized by relative densities > 70 percent, pore densities up to
1.4 x 107, and greatly extended service lifetimes; type (2) by rela-
tive densities < 70 percent, coarser pore structures, excellent ther-
mal stability at 1600 to 1800°C, and economy of fabrication. Evalua-
tion of type (1) ionizers containing iridium was limited to preliminary
tests, in which Ir was demonstrated to promote grain growth and pore
coarsening. Two W-5Ta-10Re ionizers had neutral fractions ~ 7 and 4X
lower (at 5 and 20 mA/cm?, respectively) than pure spherical-base
tungsten; an ionizer from the W-8Cu-2BN mixture exhibited neutral
fractions ~ 13 and 5X lower than the pure-tungsten comparison material.
These major reductions in neutral efflux are not directly attributed
to the presence of the additive elements, but rather to their benefi-
cial effects on pore parameters. While ionizers of type (1) have
reached a development plateau, high-performance low-density ionizers
of type (2) represent a major breakthrough having great promise.
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1, INTRODUCTION

This research program was conducted with the primary objective of
developing improved porous ionizers for use in cesium contact engines,
Previous work on tungsten and tungsten-base ionizers indicated that
pore structure should be as fine and uniform as possible, consistent
with high resistance to change over thousands of hours at ionization
temperature,

‘The research reported herein is a logical sequel to previous

jonizer development programs at Electro-Optical Systems, Signifi- . . .. .

cant results of these previous programs are summarized in the
following paragraphs.

Under Contract NAS 8-25471, the first use of tungsten microspheres
as the base material of ionizer construction was instituted and reduced
to practice, The use of spherical, rather than angular (Hz- reduced)
tungsten particles, was, suggested by the inherent metallurgical ad-
vangages of spherical particle form, These advantages include high
density of individual particles for efficient transmission of com-
pacting energy; smooth sphericity of particles for good packing
uniformity prior to, and during, compaction; uniform strain energy
at particle-contact points within the pressed powder mass, as relates
directly to uniform densification during subsequent sintering; and
minimum total surface free energy of the spheres, which permits
relatively slow and controllable sintering to the desired density,
Since conventiongl methods proved inadequate for compacting the
tungsten microspheres, a novel isostatic technique was developed,

Spherical tungsten powder was duely shown to have improved thermal
stability at the elevated sintering temperatures, Variance in nitrogen
permeability within large lots of iomizer buttons was also markedly

improved for the spherical-base type. A current density of about

™
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30 mA/cm2 was achieved with a spherical-base-tungsten ionizer, as
compared to 15-20 mA/cm2 for the angular-base (commercial) type.

A preliminary experiment was conducéed, wherein tungsten micro-
spheres were precoated (prior to compaction) with a very thin layer
of tantalum, The tantalum was shown to markedly inhibit subsequent
grain growth and attendant deterioration of pore structure during
sintering at 2000-2200°C. This experiment marked the first use of
tantalum as an additive to stabilize the pore structure of tungsten
ionizers,

Under Contract NAS 3-25192, tungsten microspheres were classified
into 4-8u, 3-6p and 1-4y diameter size fractions, The powder fractions
were then used to fabricate an ionizer sé;iéSNHAQing7iﬁéreé§iﬂéiyrfi;é
pore structure., Thus the effect of pore refinement on ionizer per-
formance was determined at equivalent levels of ionizer purity and
density, Cesium ion current densities to 60 mAlcm2 were achieved with
ionizers made from the 3-6p and 1-4u powder fraétions. Neutral
fractions at 50 mAlcmz were 1-34, representing a considerable improve-
ment over angular powder (commercial) ionizers and over ionizers made
from unsized tungsten microspheres, Critical temperature was below
Langmuir data for solid tungsten, Neutral fraction vs ionizer temper-
ature curves for the l-4u ionizer category showed definite minima and
approximated slopes predicted by the Saha-Langmuir equation for a
work function of 4.6 - 4.8 eV, Neutral fraction and critical temper-
ature decreased with pore size of the ionizers, Photomicrographs showed
that use of 1-4u microspheres increased the number of pores per unit
of ionizing area by a factor of 5.5X, and reduced mean pore size by
a factor of 0.4X (compared with use of 1-7u unsized microspheres).

The fine spherical powder ionizers reached much higher current
densities with lower neutral fractions than any other tungsten
ionizers tested to that time, ‘

Under Contract NAS 3-52483, the thermal stability and, to some

degree, the ionization performance of spherical tungsten powder
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ionizers were improved by tantalum additions, Two techniques for

addihg secondary elements were used: blending of angular tantalum

particles with 1,7-5u tungsten microspheres, and precoating the

tungsten microspheres prior to compaction and sintering, The same

G SR on Wy

tungsten powder base was used for all ionizers, Significant stabil-

ization of sintered density and nitrogen permeability was achieved

i

4

by 5 and 10 atom pexcent of Ta particle additions, as indicated by
< . _ 0 P . .

heating at 1800 C and 1600 C in vacuum without cesium. Excelient

s . . . . 2 -
ionization performance, with current densities up to 85 mA/cm , was

measured for a W-10 percent Ta ionizer., Ionizers precoated with

1028 Ta had the finest structures and the highest pore densities

)

rhenium or osmium did not yield the desired combination of finer
porosity and greater thermal stability, An ionizer made of micro-
spheres precoated with 453 of rhenium did not exhibit improved

ionization performance. Considering both performance and 1life

expectancy, ionizers made with 5 and 10 percent of tantalum particle

additions were indicated to be optimum, For spherical powder ionizers,

improved iomization performance correlated with higher pore densities

2B B of =

and smaller pore diameters,

~
2

The design goals (Phase A) éf the present contract are as follows:

1.  Pore Size

0.5 - 1,0 micron diameter pores uniformly distributed over

the ionizer surface

2. Pore Density

More than 1,0 x 107 pores per cm2
3. Life ) _
Ionizer material capable of 10,000 hours of operation (at

1100° to 1400°C with cesium) with changes of less than 1§

in density, permeability, and pore size characteristics

Emittance
The value of the total emittance of the surface to be less

than 0,3

1-3
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S. Work Function
4.5 eV or higher
6. Critical Temperature and Current Density

The surface ionization of cesium to take place at 1500°K
and less than 1% neutral cesium atoms at a current density
of 25 mA per cm2

7.  Purity
Exclusive of the alloying addition the purity of the ionizer
compact should be 99,994,

Scope of this contract is summarized as follows:

Phase B Development of techniques for producing composite

s

13 ]

e

zers of W-Ta, W-Re; and W-Re-Ta; development
- of ionizers containing void fractions{in excess of
30,
Phace C Evaluation and testing of materials and processes to
optimize methods for producing large ionizer bars,
Phase D Fabrication and delivery of 8 large ionizer bars,
At the outset of this research, and based on the three background
contracts (previously reviewed), concensus of data indicated that
fine accurately sized tungsten microspheres provided the ideal
powder base for ionizer fabrication, During the course of this
research, however, a new technique was developed which employs an

"inert" separator powder blended with tungsten powder. Development

. of this technique permits the use of low-cost angular tungsten powder,

and opens new vistas for additional ionizer improvement.
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2, EXPERIMENTAL METALS, FABRICATION AND EVALUATION TECHNIQUES:

2,1 Metals
All data pertinent to the initial metal powders and metals,
used in fabricating small experimental ionizers, are presented in this
section., Similar data for the large ionizer bars have been included
with the LeRC ionizer inspection reports.

2.1.1 Metal Source, Grade and Purity

Various metals and metal powders, used in preparing
small experimental idhizefs, are listed in Table 2-1I. Chemibalrénai§ses
data are givén in Table 2-II for the powder constituents. Complete
analyses of all tungsten powde;s were performed by the Materials Testing
Laboratory of Magniflux. Details of MIL's analysis procedures and
equipment were reported previouslyz. Analyses data for the minor
additive powders, Ta, Re and Cu flake, were supplied by véndors, and are
less complete than those for tungsten.

2,1.2 Particle Size of Powdered Metal Constituents

Tungsten Powders

One goal of this contract was to classify the tungsten
powder base such that 80% of the particles were between 0.5-2.5% in

diameter, This was considered necessary in achieving high pore

density and small pore diameter of final ionizers.

To procure spherical tungsten powder suitable for
classification, seven vendors were contacted by EOS, Of these, five
were ruled out as suppliers on the basis of price, quality, inexperience,
or inability to assure timely delivery. The two vendors selected were
the Linde Division of Union Carbide, and Advanced Materials and Processes
Corporation (Ampro); both had previous experience as suppliers on related

NASA contracts, All tungsten microspheres used in this research were
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sized in a cyclonic air classifier by Ampro.

Attempts to microscopically determine size distribution
of tungsten microspheres, predominantly less than 2.5 in diameter, were
unsuccessful. Failure was mainly due to (1) inability to adequately
separate the particles prior to counting, even by a shock-wave &ispersion
method, and (2) inability to optically resolve the finest partxcles,
particularly when clustered together. This problem was solved by resorting
to electron micrography, with subsequent particle counting on the electron
micrographs produced. A magnification of 5500 and the equivalent circle
technique for particle size analysis were used. Detailed reports by
Sloan Research Industries on techniques used, and results derived, are
Included in Appendix A.

A comparison of particle-size distributions, obtained
by microscopic and electron micr;graphic techniques on iot U
Ampro tungsten powder, is given in Table 2-III. Because of known inherent
difficulties in microscopic counting, the4resu1ts of Table 2-III are not in
good agreement. The advantages of the electron micrographic method, on
the other hand, appear sufficient to recommend its use for future analyses.

Tabulated data for Ampro Lot U tungsten on page A-5
of Appendlx A indicate 81. 1% by count of particles in the 0. 25-2.5
diameter range. This is very close to the classification goal of the
contract.

4 A particle size analysis repoxt on the finest fraction
classified from Linde microspheres (and used to produce the best
spherical-base ionizers) is included in pages A-14 through A-27 of
Appendix A. Tabulated data on page A-16 indicate 78.1% by count of
particles in the 0.25-2.5% diameter range. This is also very close to
the classification goal of the contract.

Particle-size data for the fine,Hz-reduced tungsten,
used to fabricate low-density ionizers (by Cu flake technique?, were

supplied by General Electric as follows:
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TABLE 2-II1 COMPARISON OF PARTICLE COUNT DATA
ON AMPRO TUNGSTEN MICROSPHERES, PERFORMED
BY TWO DIFFERENT TECHNIQUES

- ~ [N - ~ ., - PPy . - Y - - . o - A
NE 0 BN ON R BN BN M AR 0N G 3 aD M) BN SN an T Ee

|

Median Diam Ampro Microspheres (Lot U)

Diam., | Range, Microscopic Count(a) Electron Hicro.Count(b)
[V 4 No. Count Increment% No. Count{Increment %
0.75 10.25-1.24 282 24.8 447 47.5
1.50 |1.25-1.74 179 15.7 162 17.2
2.00 |1.75-2.24 253 22.2 106 11.3
2,50 (2.25-2.74 182 16.1 84 8.9
3.00 (2.75-3.24 171 15.0 70 7.4
3.50 [3.25-3.74 38 3.4 51 5.4
4.00° [3.75-4.24 21 1.8 13 1.4
4.50 14.25-4.74 6 0.5 7 0.8
4.87 14.75-4.99 © 6 0.5 1 0.1
Totals|0.25-4.99 1138 100.0 941 100.0

(a) Supplied by Ampro with powder

(b) Performed at Sloan (see Appendix A)




Micron Range Wt. % in Range
0-1 66.5
1-2 22.3
2-3 4.9
3-4 4.3
4-5 2.2
>5 0.0

Average particle diameter of the G.E, powder was given as 0.784. From
the above data, it is clear that a very large percentage by number of

particles occurs in the 0-2u range, indicating that this powder is even

-.a

finer than the classified spherical-powder fractions.

Tantalum and Rhenium Powders

x

Classified tantalum* and rhenium : powders, used as
additions to the 0.25-2.5i tungsten microspheres, were also submitted to
Sloan Research for particle size analyses. Results are given in their
report on pages A-28 through A-42 of Appendix A. Briefly, attempts to
adequately disperse the Ta'and Re particles were not successful,
Therefore, the electron micrographs obtained did not permit determination
of particie size by the counting method. The tenacity with which the
fine Ta and Re particles cling together comes as no surprise, particularly
in view of their irregular shapes. The reasoning of Sloan (p. A-31) that
the Re particles are firmly attached (as by fusion) seems unlikely in
view of previous "sharp" and reliable size fractions obtained by Ampro
with the same classifier apparatus, The electron micrographs on pages
A-33 through A-42 are included to characterize the powders used,
Admittedly, actual particle-count data would be more desirable,

Other Powders Used as Minor Additions to Tungsten

These include Ir02, copper flake and boron nitride.
Consultation with Sloan Research indicated that size distributions of

such angular particles could not be determined from electron micrographs

:gRC Grade SGQ-4, classified by gravity sedimentation at National Res. Corp.

Chase Grade 1, classified by cyclonic air
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because of the particle agglomeration problem, encountered previously
with fine angular Ta and Re. Thus, determining the size distribution
of angular‘ductible Ta and Re particles, predominately < 3y in diameter,

appears to be beyond the capability of current technology.

2.2 Fabrication Techniques

2,2,1 (Classification and Size Analysis of Powders

All tungsten microspheres and angular rhenium powder,
used to fabricate experimental icnizers, were classified at Ampro by the
cyclonic air method. Details of their classifier apparatus. were indicated
to be proprietary.

Initial classification of tantalum powders was performed

at NRC by the turbidimetric (gravity sedimenﬁation) method. Secondary

Gl N ME N BE S E Y D DA om. om0 am B

gravity classification was performed at EOS on the NRC Grade SGQ-4
tantalum, used to fabricate two series of spherical W-Ta-Re compacts.
This was done to better assure exclusion of particles over 3u in diameter,
since such larger particles (admixed with, and diffﬁsing into, 0.25-2.51
tungsten) would result in oversized pores upon sintering. _
Secongary classification of tantalum was performed as
follows. The starting‘powder was first submerged in benzyl alcohol and
dispersed at high speed in a liquid blender. Separation was accomplished
by gravity sedimentation, settling time being calculated by Stoke's law

of free fall. The suspension, containing the particles desired, was

‘then siphoned off and the tungsten recovered by filtration, using a Gooch

crucible. 1Initial separation of < 2u-diameter particles produced only a
5.6 weight percent yield. Settling time was therefore decreased by a
factor of 0.44 to increase the diameter of particles captured to 3u,
and to make the separation more feasible economically.

Size analyses of the spherical tungsten powders were
performed at Sloan Research, as described in their reports (see Appendix
A). Size analyses of angular Ta and Re powder, used as minor additives

to tungsten, were attempted by Sloan but severe particle agglomeration was

encountered, This problem also precluded size determinations for the other
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angular particle additives used.

2.2.2 Blending of Powders

Blending of powders was done by mortaring, ball
milling, or quuid blending. Ball milling was performed both dry and in
liquid (benzene) slurry. Liquid Siending was done in a standard house-
hold (Waring) unit, using benzyl alcohol as the suspension vehicle and
the forces of liquid shear to obtain dispersion of powder agglomerates:

Ball milling of small powder batcﬁes (<100gm) was done
in suitably sized glass jars, containing 3/8" or 1/2"-diameter hardened-
steel ball bearings. The jars were rotated axially in a standard glass-

blower's lathe at speeds observed to roduce optimum tumblin action of
p p P 8

the powders.

Larger batches of powder were blended in a Universal
Laboratory Mixer, Model 831. The powders were contained in a 1/4-cubic-
foot porcelain jar, and rotated at 50 rpm about a 450 skew axis.
Hardened steel bearings of 1/2-inch diameter were included to accelerate
and improve homogenization of the mixtures. This ball-mill unit was used
in preparing all of the la;ge ionizer bars.

2.2.3 Loading of Powders

All powders and powder mixtures were loaded into rubber
containers and sealed, prior to compaction. Experiments to determine the
effect of vibratory loading were conducted (as described subsequently in
Section 7); however, it was found that vibration resulted in segregation
of fine particles and nonuniform densification during sintering. There-
fore, vibratory loading was not used in preparing ionizers for the test
program, and is not recommended for future use.

Po&ders and powder mixtures for small ioniéers (pellet-
size) were first dried at least 2 hours under high vacuum, then loaded
(within a drj box) into standard laboratory tubing of 5/8-inch diameter.
In sequence, the lower end of the tubing was sealed with a metal plug,
the powder introduced and packed by repeated tapping of the bottom plug

on the dry box floor, and the upper end finally sealed with a second

2-8
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metal plug. Both plugs were fixed firmly in place simply by tightening
wires around the tubing circumference.

Loading of powders and powder mixtures for the large
ionizer bars is described subsequently in Section 7.

2.2.4 Compaction of Metal Powders

The rubber-sheathed powders were pressed hydrostati-
cally at up to 60,000 psi under glycerine. The hydrostatic presg used
is shown in Fig. 2-1. It consists of a glycerine reservoir, an air-
actuated pump*, appropriate valves and gages, and a pressure vessel of
high-strength steel. With breach plug seated firmly to seal the chamber,
work space measures 6-1/2-inch diameter x 7-inch height. Effective

height of the work space is reduced somewhat, however, by the hemispheri-

the

-
4

i I .

SN 2 am e

cal shape of the chamber bottom.

Operation of the press is as follows:

- (1) Immerse rubber-encased powder in the glycerine
"~ of high-pressure chamber. -

(2) 1Install breach plug.

(3) _Open petcock at bottom of vertical air-intake
.line to blow out water condensate.

(4) Slowly open air-control valve to the pump and
raise level of glycerine until it issues from
bleed port in center of breach, expelling all
air from system. Close bleed port with
threaded plug.

(5) Again open air-control valve to pump glycerine

~ to desired pressure level (60,000 psi, max).
Hold at desired pressure if dwell time is desired

(not employed in this program).

HaskelllEngineering piston-type pump with pressure step-ﬁp ratio of
600-to-1.

!




FIG..Z-I HYDROSTATIC PRESSING EQUIPMENT USED FOR COMPACTION OF IONIZERS
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(6) Close air-control valve to pump, and slowly open
valve between pressure chamber and glycerine
reservoir, reducing chamber pressure to zero gage.

(7) Remove plug from bleed port, unscrew breach plug,
remove and rinse compact under tap water, and
finally extract compact from rubber sheath.

2.2.5 Vacuum Sintering

Sintering was performed in the IO‘S-torr pressure range.
Description of the vacuum furnace used is as follows:
Brew, Model 424-C, Serial No. 301
Heating Element: 4-1/2" diam. x 7" height tungsten mesh

Heat Shielding: sheet tungsten

~
i

-
4

ﬂFore Pump: Welsh Duo-Seal, Model 1997
Diffusion Pump: 6" NRC, Model HS6-1500, Type 162
Pumping Speed: 1500 liters per second
Power Supply: Variable transformer with low-voltage power
transformer. 65 KVA capacity- 38 480V
Max. Temperature: 3000°C with pressure of 5 x 10-5 torr
Instrumentafion: cold cathode gage in vacuum chamber,
T.C. gages in bothrchamber and foreline.
Sample temperatures were monitored with an optical
pyrometer. This instrument was checked for accuracy against the melt~-
ing point of pure iodide titanium, heated slowly within the vacuum
chamber proper.
Heating for all sintering was done at such a rate that
chamber pressure remained below 1 x 10-4 torr. On an average, about 20
minutes were required to heat from room temperature to 1800°C.

2.2.6 Infiltration of Ionizers

All of the small experimental ionizers were infiltrated
with Cu-2Fe alloy at 1150°%C to IZOOOC, under flowing hydrogen, forming
gas (85%N2-15%H2), or argon. Infiltration times of from I to 2-1/2 hours

were allowed, depending on ionizer thickness and on the ease with which

l
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the infiltration alloy penetrated. -

The optimum infiltrant for pure tungsten was W-2Fe

alloy. The porous part was placed in contact with the alloy and heated i
to approximately 1175°C under hydrogen. Factors contributing to the =
success of the infiltration appeared to be wetting of the tungsten by b
iron, fluidity of the alloy at the ~100°¢C of superheat, and the reducing -
character of hydrogen. n
Infiltration of ionizers containing tantalum could -
not be accomplished reliably under either hydrogen or forming gas, -
since these gases create a surface condition which inhibits the natural -
wetting action of the Cu-Fe infiltrant. Therefore, all Ta-containing
ionizers were infilItrated undér pure argon. In sequence, thc ionizers .
(beneath pieces of Cu-2Fe) were placed in quartz boats within an Inconel -
tube furnace, evacuated and purged overnight with -60°%c dew-point argon, f
heated at 1200°C for 1-2 hours, and cooled in situ under the argon. *
Argon flow rate was adjusted to ~l1 cfh,being exhausted through a bubble .
bottle containing vacuum-pump oil.

Infiltration and presintering of the large ioniéer 3
bars were performed in a furnace of the following description: ;
o Keith, Model KPR 8 4 12 2150, Serial No. 4015-564 .

Max. Temperature: 2150°F (1177OC) )

Hot-Zone Size: 4" high x 8" wide x ~12" long. -

Muffle Material: Inconel -

Be;ting Elements: Silicon carbide globars =

Power: 20 KVA- 240V- 86A i

Cold Zone: Cooled by water jacket and shielded with -

. flame curtain during periods when loading -

door was open. -
2.2.7 Machining of Infiltrated Ionizers .
Machining of small experimental pellets into ionizer |
buttons was done on a standard lathe, using high-speed steel tooi bits. )
No standards were maintained on feed rate, tool clearances, or angle of ”
attack, these being left to the discretion of experienced machinists. -
IS
) i
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However, surface grinding of the ionizer buttons;was done using the same
procedure as in the two previous contracts for consistent surface
texture. The circular faces of the buttons were ground using a
Norton 37C36-KVK grinding wheel (36 grit silicon carbide, K hardness
with vitrified bond). Wheel diameter was 5.82 inch so that, at 3450
rpm, linear velocity at the metal-wheel interface was 87.6 feet per
second. Grinding was performed under a water-oil emulsion in 0.001"
increments down to the final two passes, where 0.0005" increments were
used. .

Machining of the large ionizer bars is described
subsequently in Section 7.

2.2.8 Removal of Infiltrant from Ionizers

i
~'

‘ .

e

For the small ionizers the infiltrant was removed by
simply heating in the Brew furnace (described in Subsection 2.2.5) for
15 minutes at 1500°C, followed by 30 to 45 minutes aE 1750°C. Spectro-
graphic analyses indicated that this treatment reduced copper content to»i
below 20 ppm and iron to below 100 ppm.

Removal of infiltrant from the large ionizer bars is
described subsequently in Section 7.

2.3 Evaluation Techniques

Evaluation techniques and equipment, used on small experi-

mental ionizers, are described in this section. Techniques related to

performance testing are described in Section 6j techniques related to

the preparation of large ionizer bars are described in Section 7.

2.3.1 Density

All densities were determined on accurately machined

 buttons, or on pellets sufficiently cylindrical for determination of

density from direct weight-to-volume ratios. Where sample geometry is
irregular the pycnometer method may be used, with mercury as the
jmmersion fluid. The following formula for calculating absolute density
applies:

p = 13.546 s/(M1 - Mz)

where S is sample weight in air, Ml is the maximum weight of Hg which can be

-
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“held by the pycnometer bottle, and M2 is the weight of Hg in the pyc-

~with respect to a diffusing gas, is a reliable and simple way of deter-

__mining fluid-transmitting efficiency yncc,,pprmrea‘h111ry coefficients,

‘termined for all ionizer buttons produced under this and previous con-

nometer after immersion of the sample. If P represents the weight of
the empty pycnometer, collective weight of pycnometer, residual Hg, and
immersed sample = P + M, + S. Then P + Ml +8 - (P + Mz 4+S) = Ml- MZ’
the weight of Hg displaced.

2.3.2 Nitrogen Permeability and Transmission Coefficient

The term "nitrogen permeability"” is used, throughout

this report, synonymously with mass permeability coefficient. This is

done as a simplification and to distinguish it from “cesium permeability".

Determination of the mass permeability coefficient of porous bodies,

in contrast to density values, are extremely sensitive to slight changes

in pore structure. Therefore, permeability coefficients have been de-

tracts.

A sketch of the permeability apparatus used at Electro-

3
¢

Optical Systems is included as Fig. 2-2, with the associated electrical
circuits shown in Fig. 2-5. A -disc-shaped button is clamped in the
test fixture within a neoprene "0" ring. Compression exerted by the
fixture presses the "0" ring tightly against the cylindrical surface

of the button, sealing it so that oﬁly the button face surface is ex-
édsed to the diffusant gas. Other components of the apparatus consist
of a nitrogen tank, drying tower, solenoid gas valve, mercury manométer,

and a gas chamber of known volume. The nitrogen pressure between the

L o4 .3 fed &3

tank and the solenoid valve (see Fig. 2-2) is first adjusted so that,

when the solenoid valve is opened, the mercury in the manometer rises

L‘MIJ

to above the upper electrical contact embedded in the manometer wall.

Energizing of the solenoid also admits nitrogen to the gas chamber of

. -
known volume and initiates diffusion of nitrogen through the porous sample. :
) ot

The solencid is then deenergized by releasing the "start button", “and
the nitrogen pressure begins to decrease by diffusion through the sample. -
-
) &
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Fig. 2-2 BLOCK DIAGRAM OF PERMEABILITY APPARATUS
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)

I. CLOCK START SPOT
2. CLOCK STOP SPDT }"”""s"“"Dc
3. CLOCK CIRCUIT OPEN DURING RESET DPDT 3 omp CONTINUOUS 115 VAC

 { ! ’ K 6.3VDC

Il
|

Al
6,3 Q MANOMETER CONTACTS

com
_ __ON-OFF
— " 110 AC
/e
_ |-| START BUTTON
cLocK
I
RESET SOLENOID s
—eCOM
ALL RELAYS SHOWN UNENERGIZED .

FIG. 2-3 ELECTRICAL CIRCUIT DIAGRAM OF PERMEABILITY APPARATUS
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As the mercury in the manometer breaks from the upper electrical contact,

the stop clock is actuated electrically. It continues to run until the

mercuty breaks from the lower contact, located 25.4 mm below the upper con-

tact. At this instant, the clock stops, recording the time increment " 6t"
required for the known gas volume "y" to undergo a 50.8 mm Hg pressure de-
crement "6Pmm" by diffusion through the porous sample. The "st" value
obtained in this way is accurate to within + 0.01 second..

Mass permeability coefficient is then calculated by

Carman's formula .

.
|

= (6m) ( ) (6:) _ ,gm-cm-l-seccl'mm Hg-l
where ém = ——!%ér——- , gmof N diffusing in 6t seconds

i
M = gm/mole, molecular weight of NZ '

R = ideal gas constant
o .
T = K, absolute temperature

L/A = .cm-l, length/area ratio of test sample

APmm = mm Hg, mean differential between gas chamber and

atmospheric pressures during ﬁPmm decrement.

‘ All permeability coefficients reported herein were
determined using the following constants:

Diffusant gas, N2

= 28.02 gm/mole
5 = 50.8mm Hg ¥ 0.06684 atmosphere
LPpy = 346 mm Hg

R = 82.057 Cm3-atm~oK-1'mole-1

T = 298°K
V= 74.6 cn’ or (v = 1051.6 cm3
= (5.714)(10)3gm | ! &m = (80.545)(10) gm

2-16
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It will be noted that, throughout this report, nitrogen
permeability(K) is expressed in units of gm/cm-sec.torr, the natural
units of measurement. However, the physical dimension of K is time, and
by convertxng the pressure from torr to dynes/cm2 (i.e., multiplying by
7.5 x 107 ) K will be in seconds. The product of K (in sec) and the
coefficient of kinematic viscosity (in cmz/sec) is the specific
permeability, Ks (in cmz).

Conversion of nitrogen permeability (K) to the
dimensionless transmission coefficient (C) is calculated from

= 17.897 K/L, where L is in centimeters.

2.3.3 Metallographic Preparation

A detailed outline for metallographic preparation of

copper-infiltrated porous tungsten_ {or tungsten-rich) ionizers—is given

L}

BEN NS M B NS W) EQ M 8 W W

in Table 2-IV. This procedure provided consistently.good delineation
of the microstructures. Polishing step IV.B is quite critical and, if
continued too long, can give undesirable surface relief. In turn,
this leads to pore counts and measurements which are larger than would
be obtained on a flat plane of examination.

2.3.4 Determination of Pore Parameters

Two different methods of determining pore parameters
have been derived over the several years of experimental work, namely,
the pore-counting method and the pore-intercept method. Both rely for
their accuracy on the same prerequisite, i.e., a high-quality photo-
micrograph of sufficiently high magnification and of the best possible
definition. Both methods have singular advantages and utility,.and

therefore neither can be eliminated arbitrarily.

In the pore-counting method, an area (usually rectangular)

of accurately known size is inscribed on a photomicrograph of accurately
known magnification (usually X2000 or higher). Pores totally included
within this area are tallied as whole pores; pores intersected by the
area bouhdary lines are tallied as half pores. Calculatigns of pore

parameters are made as follows:
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METALLOGRAPH PREPARATION OF POROUS TUNGSTEN, INFILTRATED WITH COPPER

TABLE 2-1V r

I. Initial Surface Condition - Machined or Machine Ground -
II. Mounting é
A, Bakelite(a) o P
B. Pressure, 4200 psi; maximum temperature ~ 150°C J
Ce Hold at above pressure and temperature for about |
6 minutes. ' ‘
III. Hand Grinding
A. Wet: Papers
1. .240-grit silicon carbide
2, 320-grit silicon carbide
- 3. 400-grit silicon carbide
4. 600-grit silicon carbide B
~B. Grind in sequence A, keeping specimen as flat as possible.
IV. Polishing o "
A. Preliminary (to remove most of surface deformation) , 'ii
1. Linde A alumina (0.3p) slurry with H,0 on nylon ‘
(b) 2 |
cloth J
2, Wheel speed, 163 rpm; pressure applied, heavy -
3. Polish with hand rotation for the minimum time 1
necessary to remove microscopic scratches. N
B. Final (to remove residual surface deformation) F{
1. Linde 2 alumina (0.05p) slurry with modified Murakami's Ld
: etchant 6n microcloth (c) |
2, Wheel speed, 163 rpm; pressure applied, light i
3. Polish with hand rotation for 5-10 sec. or until grain ]
boundries become faintly visible. ;
V. Differential Oxidation Etch (to provide contrast between tungsten i
matrix and infiltrant)(e) o _ .
A, Heat in air oven at 140-155 C for a minimum of 10 minutes. !
B. Repeat A until desired contrast is obtained. =
q
<
(2)  Buehler Catalog number 20-3300
(b)  Buehler Catalog number 40-7058 ‘j
(c) Buehler Catalog number 40-7208 .
() 15 gm KOH, 1 gm K Fe(CN)g, 250 ml H,0 |
(e) Step V unnecessary for noninfiltrated structures . "
. : e
|
-
i
=
”
2-18 w




Total Pores Countcd)(Mag)2
(Magnified Area in cm?)

No. of Pores/cm2 (at X1 mag.) = (

7 of Open Porosity
2 s H
(Pores/cm“)
. 10%
Av Center Spacing of Pores (square symmetry) = —————5 , #

\/Pores/cm2

In the pore-intercept method, a square grid is lined

Diam. of Av Equiv. Cylindrical Pore = 1128,/YoL:

on a photomicrograph of accurately known magnification. Grid spacing

is adjusted to be at least 1-1/4 times the average pore spacing,
estimated by preliminary approximation. Each grid line must intercept
pore and solid regions of the structure in alternéting sequence. Lengths
of these intercepts are measured, averaged, and divided by the linear
magnification of the photomicrograph. Where p and s represent average

lengths of the pore and solid intercepts (in microns), pore parameters ..

are calculated as follows:

Av Center Spacing of Porés (square symmetry) = p + s, microns
Diam. of Av Cylindrical Pore = 2 +/ps/T , microns

No. of Pores/cm2 (at X1 mag.) = 108/(p+s)2 |

For pore structures which are (1) sufficiently coarse -
such that boundary def;nition permits accuracy of intercept measurement,
and (2) interconnected in the plane of examination to such ; degree that
perception of individual pores becomes guesswork, the pore-intercept
method is markedly superior to the pore-counting method. Thus, the
intercept method alone holds promise for pore analysis of low-density
(<70%.) ionizers, characterized by pore continuity. On the other hand,
where pores are (1) so fine as to approach the lower limit of optiéal
lens resolution, with consequent inaccuracy of intercept measurement,
and (2) predominately isolated in the plane of examination, the pore-
counting method is markedly superior to the pore-intercept method. Thus,
the pore-counting method is generally more appropriate for higher density
ionizers. Because of the individual limitations and advantages of each
method, it has been necessary to use both to comply with the requirements

of this contract.
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2.3.5 Accelerated Life Testing

Accelerated life tests without cesium were conducted
on nine different ionizer compositions. Duplicate buttons (0.22" diam.
x 0.04" thick) were heated at 1800°C, 1600°C, and 1500°C in: time
increments of 1, 1, 2 and 4 hours at each temperature. Heating was
done in the Brew furnace described previously in Subsection 2.2.5.
Pressure was maintained at <1 x 10-4 torr during heat-up and <1 x 10-5
while at test temperature. Both density and Nz permeability of each
button were determined after each increment of heating at each
temperature. All conditions of heating and measurement were controlled

with extreme care. The buttons were positioned on edge in tungsten-

“iined boats during heating cycles, and were handled throughout the

lengthy heat-and-test period by grasping only the buttoﬁ edges in
tweezers. _A

Densities of the buttons were calculated directly from
their weight-to-volume ratios. N2 permeabilities were determined in
the apparatus described previously in Subsection 2.3.2. - Data derived

from these tests are presénted and discussed subsequently in Section 5.

2-20
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3. IONIZERS MADE FROM FINE TUNGSTEN MICROSPHERES WITH
ALLOY ADDITIONS OF FINE ANGULAR PARTICLES

This section presents data pertaining to three series of ionizer
samples. The samples were prepared in the following sequence from:
(1) fine Ampro tungsten microspheres, with binary additions
of angular Ta, Re, and Ir (as Iroz) particles;
(2) three size fractions of Linde tungsten microspheres, with
10Wt.% additions of angular Ta pérticles; and .
(3) fine Linde tungsten microspheres with binary and ternary

additions of angular Ta and TatRe particles.

-Of “the foregoing, ionizers of series (1) weré not Structurally
homogeneous, indicating need for improved fabrication techniques.
Ionizer series (2) was prepared in order to select the grade and
size fraction of tungsten microspheres yielding optimum jonizer
structures, as well as to improve fabrication tecﬁniques and structural
homogeneity. However, structures of all W-10Ta ionizers of series (2)
revealed numerous oversized pores. This severe problem was finally
corrected in all ionizers of series (3) by using uniformly fine
additive particles and improved blending techniques. Full ionizer
evaluation was performed on series (3) ionizers because of their
superiority and potential. Ionizers of series (1) and (2) were
neither life tested nor duplicated for submittal to NASA-Lewis, because
of structural inferiority.

3.1 TJIonizers from Fine Ampro Tungsten Microspheres, With and
Without Binary Additions of Ta, Re, and Ir '

Tungsten microspheres, with and without binary additions,
were dry blended in glass jars and compacted at 60,000 psi to cylindrical

pellet form. Included were tungsten controls of 1.8-4U Linde powder
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and 0.25-2.54 Ampro powder, plus the latter with IOW/oTa(a) IOW/ORe(b)

and SW/oIr(c) binary additions. The as-pressed pellets were sectioned

perpendicular to their cylindrical axes, to yield duplicate sets of

samples. One set (series A) was sintered at 1800°C, the other (series B)

o . . .
at 2000 C, with density measurements performed after several increments

of sintering time.

Densification rates at 1800°C and 2000°C are plotted in
Figs. 3-1 and 3-2, respectively. Here it is seen that the Linde
microspheres had higher as-pressed density than the relatively fine
Ampro microspheres. This density difference is probably the effect
of particle size, although pressed density may also be influenced by
,pa_tislemspberigityj,,ﬂme"would_ngrmallgwexggctmlowgrﬁpregsedwdegsitl
with a finer pqwder and/or with a powder having the lower degree of
sphericity. Referring again to Pigs. 3-1 and 3-2, the 1.8-4y Linde
powder increased progressively in density at 1800°C and more rapidly
at 2000°C. On the other hand, the 0.25-2.54 Ampro powder initially
decreased in density (expanded) at both 1800°C and 2000°C. This
behavior has been interpggted as the result of absorption of smaller
(or non-spherical) particles by the larger particles, with conséquent
growth of the latter and dimensional expansion of the compact. The

magnitudes of these initial expansions were decreased at both 1800°C

. and 2000°¢C by adding 10W/oTa , and increased by additions of 10W/oRe

and 5W/olr. An indication of relative dimensional stability may be
derived from the following density data:

Sintered Density After

Composition 7 hrs. at 1800°C 2 hrs. at 20000C
" Linde 1.8-44 W 82.0°% 81.3'%
© fw-10Ta 75.6 80.3
W-5Ir 71.8 75.7
Amprot g 25.2.5u W 69.7 71.6
W-10Re 66.3 71.9

%
Extrapolated values

(a) NRC capacitor grade SGQ-4 Ta; W/o indicates weight percentage
(b) Chemically reduced Re (colloidal) ,
(c) Added as mortar-ground Ir0, and vacuum dissociated in situ.

~——
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PRESSED SINTERING TIME,minutes at 1800°C

FIG. 3-1 DENSIFICATION RATES AT 1800°C OF FINE TUNGSTEN MICROSPHERES
FROM TWO VENDORS, SHOWING EFFECT OF ADDITIVES. ON THE AMPRO
GRADE .
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FIG. 3-2 DENSIFICATION RATES AT 2000°C OF FINE TUNGSTEN MICROSPHERES
(P;‘ROM TWO VENDORS, SHOWING EFFECT OF ADDITIVES ON THE AMPRO
RADE
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While data on density as a function of sintering time are
very useful, it is also necessary to evaluate sintered microstructures.
Once excessive grain growth and attendant pore coarsening have occurred
during sintering, there is no way to subsequently refine the structure,
i.e., to return to one having the high pore density desired. 1In
Fig. 3-3, microstructures of the 1.8-4i Linde and 0.25-2.54 Ampro
powder are compared at magnifications of X400 and X2000; sintering
conditions, densities and pore parameters are also indicated. The

Ampro powder required 7 hours of sintering at 1800° to reach only 70%

~density, while the Linde powder required only 4 hours to reach 80%.

The greater dimensional stability of the Ampro powder is attributed

to grain growth (agglomeration) during the initial period of expansion,

accompanied by a decrease in specific surface area which, in turn,
effected a decrease in subsequent sintering (densification) rate.
While pore densities of the two are comparable, average pore size of
the Ampro grade is about 257 larger than the Linde'grade - this in
spite of the fact that the former particles were initially finer. This
indicates that (in the absence of a grain growth inhibitor, such as
tantalum) the 0.25—2.5# Ampro powder is too fine, and that the 1.8-4u
distribution of the Linde powder is closer to optimum.

The pore parameters of series A and B pellets are compared

in Table 3-I. Here, pore densities and average pore diameters indicate

" that the tantalum addition yielded by far the finest pore structure,

iridium addition the coarsest structure, and that rhenium addition had

no significant affect on structure. Photomicrographs of the four

compositions in Table 3-1I (ZOOOOC sinter) are shown at X400 in Fig. 3-4
and at X2000 in Fig. 3-5. Figure 3-4 shows the inhomogeneities

incurred by inadequate blending of the Ta, Ir0O, and Re additions.

Figure 3-5 clearly indicates grain-growth inhibition by Ta and

growth promotion by Ir.
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Ampro Lot U(O.25-2.5u) Sintered 7 hours
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FIG. 3-3 STRUCTURES OF UNALLOYED LINDE AND AMPRO TUNGSTEN MICROSPHERES‘, VACUUM

SINTERED AT 1800°C
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TABLE 3-1

VARIOUS PARAMETERS OF SINTERED IONIZERS,
INDICATING EFFECT OF BINARY ADDITIONS
TO AMPRO (0.25-2.5p) TUNGSTEN MICROSPHERES

Gl GuE G0 OB O N TN B G E B Illpﬁ G N S e om e e

Comp, No. of Sintering Av Den, | Av N, Permeability,| Pores [Av Pore
W/o Ionizers Temp,oc Time,hrs % of theor. gm-cm-}sec--ltorr-l per cmz Diam;
Ampro W 12 1800 7 69.22 l..$9lx10'6 2.79x106 3.71
(Control) 13 2000 6 80.10 (2«.482x10"6 1 .53x106 3.92
Wel0Ta | 10 [ 1800 | 7 [ 76.60 | 0.124x10°° [5.21x10°| 2.44
4 2000 1 78.24 0.097x107%  |s.61x10°| 2.21
, -6 6
W-51r 9 1800 7 72.74 1.479x10 1.64x10 4.68
2000 2 76.13 0.969x10-6- 1. 18x].06 5.09
W-10Re 25 1800 7 66.42 1.638):10-6 2. 76x106 3.94
5 2000 6 78.79 0.641x10°%  [1.76x10%| 3.71

M.
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Nitrogen permeability data for series A and B composite

ionizers are given in Tables B-I and B-II of Appendix B. Average
data from Tables B-1 and B-II are retabulated in Table 3-I. Here it
may be noted that permeabilities of the W (control), W-5Ir, and
W-10Re ionizers are much higher than those of the W-10Ta. This is
correlated with the grain-growth and pore-coarsening tendencies of the
former compositions, seen in Fig. 3-4. The data of Table 3-1I also show
that, when tantalum is added to very fine tungsten microspheres, a
sintered density of 76.6 percent is too high. In order to retain adequate
permeability, a sintered density (for W-Ta alloys) of 75 percent or
even lower, is indicated.

- .. -Based-on these series, there—is 1t
is a much better binary additive, with respect to the preservation

of high pore density and fine pore size, than either iridium or rhenium.

 In addition, tantalum powder is appreciably cheaper than either iridium

or rhenium.

3.2 Ionizers from Three Size Fractions of Linde Tungsten
Microspheres, With and Without Binary Addition of Ta

Having comparéh the affects of Ta, Ir and Re binary additions
on 0.25-2.54 Ampro tungsten (Section 3.1), it was considered necessary
to compare the merit of three Linde tungsten fractions with that of
the 0.25-2.54 Ampro tungsten (1) in the unalloyed condition, and
(2) with 10d/o of tantalum added, tantalum being the only grain-growth
inhibitor of the elements under investigation.

Twenty pounds of Line W microspheres were classified at
Ampro. Three fractions, designated "fine" (1.874 1bs), '"medium"
(5.671 1bs) aAd “coarse" (12.25 1lbs), were derived. The goal of the
classification was to capture the largest possible percentage of
0.5-2.54 particles in the "fine" fraction. Subsequent particle
size analysis of this fraction indicated 78.1 percent by count of
particles in the 0.25-2.54 diameter range, very similar to the fine

Ampro powder.
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For this experiment, the fine and medium Linde fractions
were used, in addition to a blend of 24W/o fine + 76W/o medium fractions.
This 1/4-to-3/4blend ratio equals the fine-to-medium fraction yield
ratio, and was selected on the basis of economy. Pellets of tungsten
fine, blended, and medium fractions, with IOW/OTa*, were also prepared,
together with a 0.25-2.51 Ampro tungsten control sample.

Seven pellets were prepared by identical blending, loading,
and pressihg techniques. The weighed powders were vacuum-dried,
tumbled in glass jars containing hardened-steel ball bearings, dry-box
loaded into rubber tubes, and pressed hydrostatically and simultaneously
at 60,000 psi. Densities were determined on the as-pressed pellets,
and also after vacuum-sintering for 15, 30, 60, 120, 240, and 420
minutes at 1800°C.

Densification rates obtained on the seven pellets are piotted
in Fig. 3-6. As indicated, pressed densities of all Linde tungsten-
base pellets ranged from 68.0 percent to 71.8 percent, while pressed
density of the Ampro tungsten control was 64.7 percent. This difference
was noted previously and attributed to a lower degree of sphericity
and packing efficienc; of the Ampro powder. All fractions of unalloyed
Linde powder, starting at a higher pressed density, reached the 78 to
80 percent density range first. Of the unalloyed Linde samples, only

the blended fraction showed a tendency to expand - demonstrating again

" that small high-energy particles are rapidly absorbed by larger adjacent

particles to cause expansion of the powder mass. All pellets of

‘Linde tungsten with 10W/oTa expanded initially. The unalloyed Ampro

control expanded to a still greater degree.

The curves shown in Fig. 3-6 are replotted in Fig. 3-7 to
indicate the percentagé change in density as a function of sintering
time. In such a plot all curves must originate from the same point,

facilitating analysis of the data. The fact that the densification

* 3
"Submicron' capacitor grade QBTF-1 from National Research Corporation.
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rate of the fine Linde tungsten became slower than that of the medium
Linde tungsten indicates that the former underwent early grain growth,
with consequent decrease in specific surface area. Apparently,
addition of 10W/oTa prevented early grain growth, such that terminal
densification rates of the binary alloys are in the order expected
(the finest W-base pellet, with largest specific surface, sintering
the most rapidly).

Pore structures of the sintered Linde and Ampro {0.25-2.5i)
microspheres are compared in Fig. 3-8. The Linde tungsten reached a
density of 79.4 percent in 4 hours at 1800°C; the Ampro grade reached
only 692.9 percent in 7 hours at 1800°C, illustrating the greater
dimensional,siability”of the Ampro powder grade. However, Eig,”3—8
indicates that the Linde powder compact retained a 33 percent high
pore density and a 31 percent small pore size, despite its higher

sintered density. This demonstrates the superior pore-structural

stability of the Linde powder grade. The relatively coarse grain and
pore structures of the Ampro tungsten are Synonomous with low sﬁecific
surface area which, in turn, was the probable reason for its markedly
retarded shrinkage rate. The tendency of Ampro powder to agglomerate
and form a relatively coarse pore structure (probably early in sintering)
made it a less desirable base powder than the Linde powder for ionizer
fabrication.

Pore structures and parameters of the sintered Linde powder
_series are shown in Fig. 3-9 at X400 and in Fig. 3-10 at X2000.
These structures are labeled "fine", "blended", and "medium" fractions,
since the particle size of only the fine fraction was determined. The
latter was found to be approximately equal in size d1str1but10n to
0.25—2.5# Ampro powder. As noted in Figs. 3-9 and 3-10, the "fine"
fraction did not yield as high a pore density, or as small a pore size,
as did the "blended" and "medium'' powder fractions. This fact, plus
evidence of grain growth in Fig. 3-10, indicates that partlcle size of

the "fine" fraction was less than optimum in the absence of a stabilizing

additive, such as tantalum.
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FIG. 3-10 STRUCTURES OF THREE FRACTIONS OF LINDE TUNGSTEN MICROSPHERES, VACUUM

SINTERED AT 1800°C (Xx2000)
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Pore structures and parameters of the foregoing Linde-tungsten
series, but with 10W/o of NRC QBTF-1 tantalum added, are shown in
Fig. 3-11 at X400 and in Fig. 3-12 at X2000. The parameters noted
under each micrograph indicate that the finer the tungsten base powder,
the denser and finer the pores in the sintered structures, The "fine"
W-10Ta shows the highest pore density (8.10 x 106 pores/cmz) and
smallest average pore size (1.684) fabricated at EOS (to that time),
again proving strong growth inhibition by Ta. Numerous large voids
are also shown in the W-10Ta microstructures of Fig. 3-11. Experiments
to improve pore homogeneity of this alloy are described below.

Due to structural homogeneities occurring in alloy ionizers
previous to this juncture (see Figs. 3-4 and 3-11), a series of
experiments was conducted to determine how homogeneity could be improved.
The W-10Ta mixture was selected as the standard for these fabrication
experiments. )

Using 1-44 tuhgsten microspheres plus 10W/o of NRC Grade
QBTF-1 tantalum, pellets were compacted hydrostatically at 60,000 psi.
The pellets were sectioned.into two parts, only one of which was
sintered. Both the as-pressed and sintered parts were infiltrated with
Cu-2Fe at 1200°C under argon. Infiltration of the as-pressed parts was
only superficial, indicating a reduction in wettability due to the
presence of oxide films on the particles. The relative ease with which
the sintered parts were infiltrated indicates that concentration of
surface oxides was greatly reduced by diffusion or dissociation during
vacuum sintering.

Variables investigated and results obtained are described in

the following tabulation:
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o

Packing Pressed
Pellet Blending Techniques Density Microstructures
Series Vehicle Mode (Dried Mixtures) (Percent) Pressed Sintered
None Ball Tapping 69.05 All contain Ta-rich
Milling dense Ta- areas no
None Ball Vibration 70.73 rich areas, lo?ger
i1 plus numer-  evident;
Milling .
ous over- oversized
Methanol Ball Tapping 69.62 sized voids voids few-
Milling er but
Methanol Hi-Speed  Tapping 68.10 ‘targer
Rotor

Typical microstructures, obtained before and after sintering,
are shown in Fig. 3-13; the pore structure of the tungsten control is
observed to be very uniform. On the other hand, the W-10Ta structure
is very inhomogeneous, despite the violent slurry-blending used.
Figure 3-14 photomicrographs of a W-10Ta structure before sintering,
show three general types of inhomogeneities:

Type 1 Oversized particles of tantalumj

Type 11 Dense areas, composed oé tungsten microspheres

embedded in tantalum-rich matrix;

Type I1I Voids, surrounded by a dense shell of tungsten

microspheres embedded in a tantalum-rich matrix.

Inhomogeneities of Type i were traced to the presence of oversized
tantalum particles in the starting powder, labeled "submicron"
tantalum by the vendor. Upon sintering, these large tantalum pérticles
obviously diffused into the adjacent tungsten to produce oversized
voids. Inhomogeneities of Types Il and III were believed to result
from tantalum agglomerates in the powder blend. The agglomerates
persisted despite ball milling and high-speed rotary blending of the
W-Ta-methanol slurries. At this point it became apparent that deagglomera-
tion of fine angular tantalum required the application of a large
force, and that only when these agglomerates were broken Apart could

uniform blending with tungsten be achieved.
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FIG. 3-13 INFILTRATED STRUCTURES OF (1-4p)W AND (1-441)W-10Ta, BEFORE AND AFTER
VACUUM SINTERING (Inhomogeneity of the W-10Ta illustrates detriment of
oversized Ta particles and of Ta agglomeration.) (X400)
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Still another attempt to improve the blending technique

and ionizer homogeneity was made. NRC Grade SGQ-4 tantalum (sedimentation

sized to a maximum particle diameter of 2{) and 1-44 tungsten micro-
spheres were used. A W-10W/oTa mixture was submerged in benzyl
alcohol, agitated in a liquid blender for 5 minutes, separated by
filtration, dried, compacted, sintered (to 77.1 percent density) and
infiltrated. Use of the relatively viscous benzyl vehicle, instead
of the methanol used previously, apparently increased the forces of
liquid shear. As a result, the.general pore structure 'appeared more
unifprm than any W-Ta composition fabricated to date. Micrographs of
the sintered structure are shown in Fig. 3-15 at magnifications of X16,
Ei00 aud X400. However, ihe siruciure is seen Lo contain porous
occlusions, the density of which is higher than that of the surrounding
matrix. Further, the micrographs show that these occlusions shrank
away from the matrix during sintering. The following mechanism
explains formation of such occlusions. '

Whenever metal powders are suspended in liquid, permitted
to settle, and subsequently dried, packing density of the particles is
jncreased. In other words, the powder forms a “cake". 1If then the

powder cake is not completely broken apart prior to compaction,

residual masses of densely packed cake sinter more rapidly than

uncaked particles (explaining the higher-density occlusions in Fig. 3-15).

It therefore became apparent that, subsequent to slurry blending, it
would be necessary to ball mill the dry powder mixtures as the final
step, preceding their compaction. '
Briefly, the foregoing experiments demonstrated these
important requisites to achieving homogeneous structures from multi-
component powder mixtures: (1) thé additive or minor constituent
must contain no particles significantly larger than the largest
particles of the base powder, (2) the additive particles must be

completely dispersed and intimately blended with the base part{cles,

3-24

oo

k'_“i“!_ﬂ - _L?f:fi

L I |

oA

[ YOO S

o 4 _ !““" ‘l




TR TN

vz an N

“te dor

Neg. 2738

IAEEET AN

X16

-DENSE OCCLUSIONS

e u
€

E,
3-25

v
.

10W/oTa CONTAINING RELATIVELY

-15 SINTERED W~

3

FIG.




f

and (3) the fimal powder mixture must be of uniform texture, free of
cakes and masses which differ in density from the bulk, and as dry as
as possible prior to compaction.

3.3 Jonizers from Fine Linde Tungsten Microspheres
With Binary (Ta) and Ternary (Tai+Re) Additions

& 7-composition pellet series was fabricated, using Linde
tungsten microspheres (Lot PTf), having 78.1 percent by count of
0.25-2 .5 particies. The tantalum additive powder was obtained by
gravity sedimentation of NRC Grade SGQ-4 powder. Sedimentation was
performed in bemzyl alcohol for a time calculated by Stoke's Law to
allow settling-out of all particles greater than 3 in diameter. The

rhenium additive was obtained by cyclonic air classification of -200

mesh powder (99.9+ percent purity) from Chase Brass and Copper.
Elecfron micrographs of both the:tantalum and rhenium powders are
shown in Appendix A (Sloah Report). Best efforts to disperse the
agglomerations of Ta and Re were unsuccessful, so that particle-size
distributions could not be determined.

The constituents described in the foregoing paragraph were

accurately weighed to form master mixtures of W-20W/oTa and W-20W/oRe.

These mixtures were each suspended in benzyl alcohol, agitated in a
liquid (Waring) blender at the "high-speed" setting for 15 minutes,
filtered in a Buchner-type funnel, dried in vacuo, and finally ball-
milled. The master mixtures (and base tungsten) were then weighed in
proportions calculated to yield the compositions:

W-5Ta

W-5Ta-5Re

W-5Ta-10Re

'W-10Ta

W-10Ta-5Re

W-10Ta-10Re
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The powder mixtures were then dry-box loaded into standard
5/8-inch-diameter rubber tubes, and pressed hydrostatically at
50,000 psi. Sintering was performed at 1800°C in the 10-5 torr range
as indicated in Table 3-II, where sintering conditions and sintered
densities are given. Note that sintering was continued only to the
low 70 percent density range, since previous pellets having a fine
microsphere base could not be infiltrated when sintered to about 80
percent density. It is interesting to note in Table 3-II that the
tungsten control, composed entirely of microspheres had the highest
pressed density. Trends of decreasing pressed densities were induced
by additions of Re to both the W-5Ta and W-10Ta mixtures.

The sintered pellets of Table 3-II were infiltrated with

Cu-2Fe, machined to ionizer buttons, vacuum distilled to remove the
infiltrant, and evaluated for density and N2 permeability. These
parameters are listed in Tables B-III and B-1IV of Appendix B, with average

parameters summarized as follows:

Sintering Time

Composition, at 1800°C,, Average Density, Average N2 f;rmeabfiity,
wt, % minutes 4, of theor, gm-cm -sec -torr
W (control) 30 71.7 0.941 x 10°°
W-5Ta 30 - 75.9 0.124 x 1078
W-5Ta-5Re 30 76.4 0.095 x 1076
W-5Ta-10Re 30 C 719 0.209 x 10°°
W-10Ta 105 T 77.3 0.096 x 10°°
W-10Ta-5Re 105  73.5 0.191 x 10°°
W-10Ta-10Re 105 74.4 0.131 x 1076

It is apparent from the longer sintering time necessary to
bring the above 10Ta-containing alloys to target density that these have

greater thermal stability than the 5Ta alloys. 1It is also apparent
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TABLE 3-1I
SINTERING DATA FOR IONIZER PELLETS, MADE FROM
0.25-2.54 TUNGSTEN MICROSPHERES,(a) WITH

b
ADDITIONS OF FINE TANTALUM( ) AND/OR FINE RHENIUM(C) POWDERS

Pellet Composition, wt, Volume, Density

. 3
Identity wt% gm cm gm/cm3 % theor.

As-Pressed Hydrostatically at Sd ksi

IC W{(control) 36.2988 2.8578 12.70 65.80
IVT W-5Ta 37.2664 2.9612 12.58 65.66
IVIVR W-5Ta-5Re 36.8531 2.9692 12.41 64.47
IVIXR W-5Ta-10Re 36.1934 2.9600 12.23 63.27
IXT W-10Ta 37.7812.. . 3.0210 12,51 65. 74 .
IXTVR W-10Ta-5Re 37.2778 3.0375 12.27 64.21
IXTXR W-10Ta~-10Re 29,7642 2.4846 11.98 62.40

Sintered at 1800°C for 30 min

1C W(control) 35.3960 2.6057 13.58 70.36(d)
Ivr W-5Ta 36.2303 2.6243 13.81 72.08(d)
IVIVR W-5Ta-5Re 35.9285 2.5416 14.14 73.45(d)
IVIXR W-5Ta-10Re - 34,9836 2.4554 14.25 73.72(d)
IXT W-10Ta 37.2336 3.0666 12.14 63.79
IXTVR W-10Ta-5Re 36.4645 2.9509 12.36 64.68
IXTXR W-10Ta-10Re 29.0510 2.3459 12.38 64 .48

Sintered at 1800°C for 105 min

IXT . W-10Ta 37.2051 2.8161 13.21 69.42(d)

IXTVR W-10Ta-5Re 36.4448 2.6774 13.61 71.22(d)
IXTXR W-10Ta-10Re 29.0380 2.1211 13.69 71.30(d)

(a) Lot PTf tungsten with 78.1% by count of 0.25-2.54 microspheres.

(b) NRC Grade SGQ-4 tantalum, classified by gravity sedimentation -
see X5000 electron micrographs of Appendix A.

(c) Chase Lot 449 Re, classified by cyclonic air - see X5000
electron micrographs of Appendix A.

(d) Infiltrated with Cu-2Fe alloy at juncture indicated. .
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that addition of 5 and 10W/o of tantalum particles greatly reduces
permeability of the pore networks. In the following table, the data
have been rearranged to more clearly indicate the trend of lower

permeability with higher density.

Sinteri Time
ring lim Average N2 Permeability,

' K . '

Composition, at %BOOOC, Average Density, 1 1 -1
wt. % minutes of theor. gm.-cm .sec -torr

W (control) 30 71.7 0.941 x 10°°
W-5Ta-10Re 30 71.9  0.209 x 107°
W-10Ta-5Re 105 73.5 0.191 x 10°°
W-10Ta-10Re 105 74.4 0.131 x 107°

W-5Ta 30 75.9 0.124 x 10°°

w-10Ta 105 . 77.3 . puo9ex 1078
W-5Ta-5Re 30 76.4 0.095 x 108

Pore parameters of the foregoing alloy series were determined,
using both the pore-intercept and pore-counting methods described in
Subsection 2.3.4. These parameters are given in Table 3-III, with
formulae for their calculation indicated in subheadings. 1In addition
to the spherical-base compositions, parameters for an angular W-8Cu
composition are listed for comparison.

Average parameter values of Table 3-III are retabulated in
Table 3-IV to facilitate comparison. Pore structures of both the

. W-8Cu and spherical W (control) are indicated to be relatively and
comparably coarse. Pore structures of the W-5Ta, W-5Ta-5Re, and
‘W-5Ta-10Re are extremely fine, in fact the finest measured to date.
Pore structures of the W-10Ta, W-10Ta-5Re, and W-10Ta-10Re, while
finer than previously measured, are somewhat coarser than thosé of the

W-5Ta, W-5Ta-5Re, and W-5Ta-10Re alloys.
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Pore Patameters for Varlous fonizer Cumpesitions
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Av Intercepted Av Toce Diam. of av nrn,
Composttion, Sangle Moto Length of Spacing, Zquiv. Cylin- pot om
¥e. T ldentification Magnificotion Pores, 4 Solid, ¢ B drical Pote, p st IX
e . o ) afem) 1% (pee)?
v-80ue w1 027 vmn 3.9 3.9 .33 2.2 = 10
-u 4033 1.808 PN (%) 3.50 3.33 2 18
-13 2023 163 3 338 3.6 3. =10
- 3.0 3.69 3. =t
Soh. ¥ (Coutrel)es 13 oy 16 “.en 612 3.36 2.67 x 16*
- =on 1718 s.358 1.0 .9 2.00 x 10*
-13 x0ny o) s.229 6.8 3.0 2.3 = 10%
™ 6.8 L 2.27 = 10
Av Pore Dies. of Av rwu2
Porse od Spacing, Zquiv. Cylin- PRt Cw
tfication in 396 ca’ srea(s) i drical Pore, 4 ot 1X
T -y T {=) - -1,.
¥-3Teee wr13 mon w 0 166 179 2 10*
. 14 o 02 18 1.62 12.41 = 106
-13 o3 %0 2.90 L6 1.9t » 10*
™ 1.0 1.6 12.04 & 10
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" mon 8 2.8 L5 .30 x 10*
13 00 2 PRI 148 13,33 = 10*
- 1.0 .3 13.83 & 10
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.. wasr 303 .. 1.3 1253 = 10®
=13 . mon 2% ) 137 12.16 = 10°
-~ * 1.0 138 11.98 x 10
PRTVE w13 o 20 3.1 1.8 9.09 x 10°
16 34033 e 319 1.8 9.06 x 10°
. -13 o m PE) L .08 x 10*
-~ . 1w 2.6 5 10
¥-10Ta-Sheve Tve-13 o33 e 2.9 . 142 2100
18 0% 23 .00 .1 10.50 = 10*
—_n 100 3 2.0 L 10.60 x 10*
a 3.06 170 10.86 = 10°
¥-10Ta-10Reve - 10 007 24 .3 % .17 = 10°
-u %030 m s 1.8 2.9 x 10*
-2 oy 20 218 Ly 9.98 = 10*
P X 196 9.3 3 10
- Tengstea pender bases O.0p u,-n‘ud, with sddition of fine Cu (loke
**  Tungates powder base: 0.235-2.3 microspheres, with additions of finer Ta snd Re
o Values of 3 calculoted from (—':")-
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Microstructures of this ionizer series are shown in Fig. 3-16
at X400, and in Fig. 3-17 at X2000; all of these pore structures are
very uniform. Certainly, the gross inhomogeneities, noted in the
earlier binary ionizers, are no longer present. Structures of the
5Ta series exceed one important goal of the research, namely ~1 x 10
pores/cmz; structures of the 10Ta series closely approach the goal.

Chemical analysis data for this spherical-tungsten-base
series are listed in Table 3-V. The analyses were performed by the
Materials Testing Lab of Magniflux. Values for the W-5Ta-5Re and
W-10Ta-5Re alloys were obtained by interpolation (where trends
permitted) between adjacent compositions in the series. In a few
instances, the lower alloy contained more impurity than did the higher
alloy (e.g.; 200 ppm Cr in W-5Ta; 30 ppm Cr in W-5Ta-10Re).. Where '
impurity contents decreased with jncreasing alloy additions, inter-
polations were not made; in fact, such a trend indicates7éfror in

‘one or both of the bracketing values.

3.4 Delivery.of Small Ionizer Samples to NASA-Lewis

In accordance with contractual requirements, samples of the
following spherical-base compositions were fabricated for delivery

to NASA-Lewis.

Composition, Wt. % Relative Sintered Density, %
Spherical Tungsten* 70.26 '
W-5Ta 69.36
W-5Ta-5Re 70.39
W-5Ta-10Re 70.56
W-10Ta 70.15

~ W-10Ta-5Re _ 69.70
W-10Ta-10Re 71.88

Prior to fabricating this composition series, considerable
preliminary work was done to determine optimum preparation techniques

(Ref. Sections 3.1 and 3.2). All alloy ionizers prepared during the

*
Control composition, made from 0.25-2.54 tungsten microspheres
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W-10Ta-10Re*

W-10Ta*
MICROSTRUCTURES OF IONIZERS, MADE FROM VARIOUS POWDER MIXTURES, AND SINTERED AT 1800°¢

FOR TIMES NOTED (X400)

W-8Cu**

FIG. 3-16

*Made from 0.25-2.5u Tungsten microspheres plus finer angular Ta and Re

**Made from O.Su-Hz-reduced tungsten plus fine Cu flake
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CHEMICAL ANALYSES DATA FOR SPHERICAL TUNGSTEN-BASE IONIZERS
(Analyzed by quantitative spectrography and '

TABLE 3-V

reported as parts per million, except as noted.)

UNALLOYED TARGET COMPOSITION, W/O

_ELEMENT W(Control) W-5Ta W-5Ta-5Re W-5Ta-10Re W-10Ta  W-1lOTa—-5Re W-10Ta-10Re
(a) (a)

Ag <1 <1 (<1) <1 <1 <) - <1
Al 11 300 -- 80 40 «70) 100
B <S5 <S (<5) <5 <5 - (<5) <5
Ba <3 <3 (<3) <3 <3 (3) <3
Be <1 <1 (<1) <1 4 - <1
Bi <3 <3 (<3) <3 <3 (3) 3
c(b) 25 19 €32) 46 15 €24) 48
Ca 30 30 (30) 30 30 (30) 30
Co <3 <3 (3) <3 <3 (3) <3
Cr 50 200 - 30 30 - <10
Cu 5 20 - 3 10 - 5
Fe 50 100 - <30 <30 (<65) 100
Mg 10 <3 (3) <3 <3 (3) 3
Mn <3 3 (<3) <3 20 -- 3
Mo 100 100 ¢-150) 200 300 -- 200
Nb <100 <100 (<100) <100 <100 (<100) <100
Ni <10 <10 (<10) <10 100 -- <10
Pb <10 <10 (<10) <10 <10 (<10) <10
Re(c) -- -- (5+4) (10.114)  -- (5+4) 10,114
Sn <3 3 (<3) <3 <3 (3) 3
1a(c) -- 4,560  (4.568)  (4.56%)  (9.524)  (9.524) 9.524,
Ti 60 <10 (<10) <10 <10 (<10) <10
\ (d) <3 3 (<3) <3 <3 (<3) <3
T.0.E, - <300 <300 (<300) <300 <300 (<300) <300
W Balance Balance Balance Balance Balance Balance Balance
(a) Values in parentheses are interpolated from adjacent compositions,
(b) Carbon by conductometric method
(c) Tantalum and rhenium by ion exchange method.
(d) Total other elements
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preliminary research were sectioned for evaluation and found to be
structurally inhomogeneous. Therefore, the preliminary ionizers were
not duplicated for delivery to NASA. Ionizer compositions tabulated
above duplicate those described in Section 3.3. They represent a
compositional sequence of ionizer materials, having fine homogeneous
structures and being amenable to orderly evaluation. All data deter-
mined for these ionizer compositions are submitted in detail with this
report, including chemical and size analyses of starting powders,
processing methods, aﬁd results of evaluation.

The preferred sample size, as specified contractually, was
5/8-inch diameter x 3/4-inch length, with 3/8-inch diameter x 1/2-inch
length given as minimum. Two samples of each composition were specified.
Samples of the 7 spherical-base compositions, supplied by EOS, average
between 5/8-inch and 3/8-inch diameter by greater than 1 inch in length,
such that each sample provides the volume equivalent of the two samples
specified. The 7 "double" samples have been infiltrated with Cu-2Fe to
facilitate subsequent machining and sectioning. Preparation of the
larger-size samples, in lie? of 2 smaller ones, is justified technically
since it provides better assurance of compositional and structural
similarity.

Numerous small samples of low-density ionizer material, made
from fine Hz—reduced.tungsten powder by the copper flake technique, .
have been delivered with the large ionizer bars. Ionizers prepared
from both W-8Cu and W-8Cu-2BN have been submitted. Although these
samples are not cylindrical, they provide the advantage of having been

fabricated with, and machined from; corresponding large ionizer bars.
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4. LOW-DENSITY IONIZERS MADE BY COPPER-FLAKE TECHNIQUE

A portion of the contract research effort was devoted to the
development of methods for the production of uniform ionizer structures
exhibiting qptimum pore size, and having a density of less than 70
percent.of theoretical. This effort is covered under pérégrébh‘B.l.d

of the Scope of Work. ,
The incentive for the development of low-density ionizers having
small pore diameters stems from results observed in the operation of

ionizers by use of the ion microscope. It had been determined that a

ionizer pores. Therefore, it followed that ionizer performance should
imprové as the ratio of total open pore area-to-solid area of the ionizer
was increased.

The geometry of the idealized minimum-density ionizer would be
that of a honeycomb, wherein the hexagonal framework has a high work
function, low vapor pressure, and sufficient thickness to support the
structure. Unit cell diameters of such a structure should lie within
the range of 1-41.

Technology is not yet available for production of an idéalized
structure. However, such a geometry has been closely approached by the
low-density structures of round or angular pores (produced under this
contract) which exhibit minimum pore dimensions of the described
size.

The approach investigatéd for the production of low-density
jonizers was that of controlling the pressed density of the powdered
metal compact by incorporating inert materials within the tungsten
powder prior to the pressing operation. Low-density porous bodies may

be produced by the addition of such volatile compounds as . ammonium



carbonate, urea, and acrylic resins to the tungsten powder prior to
compaction. Unfortunately, most of the volatile compounds added

yielded materials exhibiting a very nonuniform microstructure. The
principal reason for this nonuniformity is the void left upon evaporation
of the volatile particle. Since voids left by the additive could not
exceed the desired pore diameter of 1-44, one problem was to find

inert particles having diameters within the Prescribed pore size range.
Another problem was that of obtaining proper blending between a low-
density inert additive material, such as urea, and a high-density powder
such as tungsten. Investigation of several additives indicated that
flake copper, sold under the name of Copper Bronzing Powder, had extremely
fine particle diameter and high specific surface area. 1In addition, the
density of this material was sufficiently high tc pormit uniform blending.
Flake copper was therefore selected as an ideal additive for controlling
pore size and density of the pressed compacts.

4.1 Procedures and Results

Flake metal powders are usually produced by milling angular
metal powders with a fatty acid such as stearic. To ensure the removal
of any organic film resulting from the milling operation, the flake
copper was washed with a mixtu;e of equal parts acetone and methyl
alcohol. The washed powder was then vacuum dried to zero weight change.

Angular (0.84) hydrogen-reduced tungsten powder and flake
copper were ball milled together to produce an intimate mixture of
copper.and tungsten powder. After milling, the copper-tungsten powder
mixtures were placed in rubber containers and pre-pressed hydrostatically
at 10,000 psi. After pre-pressing, the compacts were reground,
pressed at 60,000 psi and presintered in forming gas at a temperature just
below the melting point of copper. The presintering treatment was
performed for the purpose of establishing interconnection or bridging
between adjacent contact points of the tunsten powder. This procedure

serves to freeze the porc size and configuration in the shape of -the
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copper powder flake so that, upon subsequent evaporation of the copper
and final sintering, little change in pore size, configuration, or
distribution will occur. Metallographic examination of presintered
compacts, heated just below and just above the melting point of copper,
indicated that the lower temperature was preferable. Higher presintering
temperatures effected agglomeration of the copper flake and resulted in
larger pores.

To retain low density and uniform pore structures in compacts
free of stabilizing additive, it was necessary to use low temperatures
and short sintering times. Since sintering temperatures are still
considerably above ionizer operating temperatures, the structures
obtained exhibit sufficient stability to permit exhaustive performance
testing. Materials exhibiting a very high degree of thermal stability
were subsequently developed and are discussed in Subsection 4.3. Powder
mixtures and experimental conditions used are summarized in Table 4-1I.
Photomicrographs of the 13 compositions listed in Table 4-1 are shown
in Figs. 4;1 through 4-13, in respective ofder. It‘will be noted that
the optimum structure (Fig. 4-13) was produced from mixture number 13,
consisting of 92% by weight of angular tungsten and 8% of copper flake.

Using the 92ﬁ-86u mixture, two separate series of buttons
as follows were prepared for testing:

92W-8Cu
.8 ANGULAR W POWDER, NO. 112 COPPER FLAKE
NO. I SERIES

Button Diam, Wt, Volume, Density At, NZ Permeability,
No. in. gm cm g/cm3 Zhég;, sec gm-cmféect%orr'l
1 J016 L2816 .02238  12.58 65.18 8.12 1.07x10"°
2 .2015 .2711  .02210 12.27 63.57 7.03 1.23x1o’6
3 j008 2782 .02179  12.77 66.16 5.82 1.48x10"°
. .2008 2764 .021%  12.62 65.38 6.0 1.44x10"°
5 j010 .2661 .02199  12.10 62.69 6.19 . 1.40x10"°
6 o014 2636 .02156  12.23 63.36 7.32 1.15x10°°
- 4-3
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- 88 Wt.% - .8y Angular Tungsten Powder
12 Wt.7 - Copper Flake

Density - 72.7% Theoretical
'f‘h‘%r- LS55 -.’,f’-,.'-;'r* ,r\uc ;’;f ‘G:’ ?
- J

N 'J‘" B XA :dﬁi"\ \QQ"
t ‘v ..,"Ql . )
AR :-ﬂé‘v,@d s u“' ) \ ¥
glt.é ‘.‘{ P 5 :'\,.\“:g,,")"-«l [BY) \ \w‘j ;

.
\

Vo

7:;:?42‘7{“"
oAy
4 ." .. Pk
Shoga STt
Uiy :;._
,-.7
5‘&
Al
Q‘
’%% gt

A
LVal
b

(3L ¢
- ’?‘,‘?z .
AR
\',é"“
N
‘L »
N
S
©

gt "
~! “ oy
a%
ol” N
a
‘{ ,’/u
N
,‘
gy
X
v
o~
;

3
{2
Y 4

y

¥

R

Neg. 2611 | X400
FIG. 4-2 MIXTURE 2

85 Wt.7 - .8y Angular Tungsten Powder
15 Wt.% - Copper Flake
Density - 71.547 Theoretical
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FIG. 4-7 MIXTURE 7

96 Wt.%Z - .8u Angular Tungsten Powder
4 Wt.7% - Ammonium Carbonate
747 Theoretical
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FIG. 4-8 MIXTURE 8

86.5 Wt.% .8 Angular Tungsten Powder
9.6 Wt.% - Tantalum Powder
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Density - 68.2% Theoretical
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FIG. 4-10 MIXTURE 10
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FIG. 4-11 MIXTURE 11
85 Wt.%Z - (4-8u) Tungsten Powder
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FIG. 4-12 MIXTURE 12
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‘NO. II SERIES

Button  Diam, wt, Volume, Density At, NZ Permeability,
No. in. gm cm 3 7 of sec -1 -E -1
g/cm theor gm-cm-sec-torr
1 - .190 .2665 .02044 13.04 67.56 7.32 1.38x10—6
.190 .2566 .01998 12.84 66.53 7.47 1.32x10.6
.190 .2574  .01998 12.88 66.74 7.40 _ 1.33x].0-6

Two bars of the 92W-8Cu mixture, having dimensions of

3.89"x2.195"x.154", were prepared. Using the standard large permeability

apparatus, measurements were made at 1/2-inch intervals of grid spacing
over the surface of the bars. The intervals (in seconds),required for
flow of 5cm3 of NZ under a pressure of 10" ot Hg, are listed in ‘tabies
4-11 and 4-II1I. Readings were taken at 28 positions on both bars. It
may be noted that the variation of permeability between positions is
very small, indicating excellent overall uniformity. '

4.2 Effect of Presintering Time on Densification and Pore
Structure of Low-Density Jonizers

The effect of presintering time at 1040°C on subsequent
densification at 1800°C of the 92W-8Cu mixture was determined. A

compact was pressed hydrostatically at 60,000 psi, and samples 1" x 1/4"

*

Spectrographic analysis in ppm:
Ca 65 Mg 26
Cu 200 si <30
Fe 150

4-12
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TABLE 4-11
PERMEABILITY VARIANCE AFTER BAKEOUT
OF 92% W + 8% Cu - BAR NO. 1
(Density = 66.9% of Theoretical)

Posi- Time, Posi- Time,
tion sec. tion : - sec.
1 N 17 15.0
2 20.5 18 14.0
3 21.0 is 14.5
4 ———— 20 16.0
5 16.0 21 16.0
6 15.5 22 14.5
7 17.0 23 15.0
8 19.5 24 16.0
g 15.0 5 17.0
10 14.5 26 15.0
11 15.0 27 14.5
12 16.0 28 16.0
13 5.5 29 ——--
14 14.0 30 16.5
15 14.5 31 15.5
16 16.0 32 ] ————

*

Position Chart:

5 91317 21 25 29
6 10 14 18 22 26 30
7 11 15 19 23 27 31
8 12 16 20 24 28 32

& W
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PERMEABILITY VARIANCE AFTER BAKEOUT
OF 926 W + 8% Cu - BAR NO. 2
(Density = 64.4% of Theoretical)

TABLE 4-1III

Posi-* Time, Posi- Time,
tion sec. tion sec,
1 ———— 17 12.5
2 16.5 18 12.5
3 " 17.0 19 13.0
4 ———— 20 13.0
5 13.0 121 13.0
6 13.0 22 13.0
7 13.0 23 13.5 -
8 13.0 1 24 13.0
9 13.0 25 . 14.0
10 14.0 26 14.0
11 13.0 27 14.0
12 13.0° 28 14.5
13 13.0 29 ———-
14 13.0 30 15.5
15 13.0 31 16.0
16 12.5 32 ———

4-14
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x 1/4" were sectioned from if. One sample was presintered at 1040°¢C
for four hours, the other for 16 hours. Both were then heated under
vacuum at 1500°C for 15 minutes to evaporate the coéper. Temperature
was next increased to 1800°C and held for one hour. Densities of the
samples were determined at this juncture to be 79.5 percent and 83.5
percent for the 4 and 16-hour presinters, respectively. After re-
infiltration with copper, the samples were prepared for metallographic
examination.

Structures of the two samples are shown in Fig. 4-14.
Based on their density and structural differences, it is apparent that
appreciable densification occurs at temperatures as low as 1040°c. Pore
structure of the sample, presintered for 16 hours, is stiil quite
uniform but its density is comparatively high. Rased on this cxperiment,
a presintering treatment at 1040°C for two hours was selected and used
in,preéarlng subsequent experimental samples of low density.

4.3 Low-Density Ionizers Stabilized by Addition of Boron Nitride

The inherent thermal instability of ultra-fine tungsten metal
powders, emphasized the need for development of a satisfactory grain-
growth inhibitor other “than tantalum. It was desired that such an

inhibitor (1) not lower the work function'of the tungsten, (2) have a

‘low vapor pressure and (3) unlike tantalum, be readily comminuted to

very fine size, allowing a uniform distribution of the inhibitor over

the surface of each tungsten grain. Conventional grain-growth inhibitors,
such as the oxides of thoria, zirconia and titanium, were eliminated on
the basis of not fulfilling all of the above requirements. These oxides
inhibit diffusion by acting as inert barriers between grains. It

was reasoned that grain growth might also bé ihﬁibited by creating a
tungsten compound differing in crystal structure from that of the
tungsten. Since metals and metal compounds of widely differing crystal
structure and lattice constants exhibit low mutual solubility, the

presence of such compounds in the grain boundary should interfere with

4-15
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grain growth, The various tungsten ﬁorides differ greatly in lattice
structure from body-centered-cubic tungsten. Boron was therefore
investigated as a potential grain-growth inhibitor, since prior tests*
indicated that it exerted no deleterious effects on the work function
of tungsten. Boron nitride was selected as the optimum boron-containing
additive. This friable compound resembles graphite in crystalline
structure (hexagonal), has excellent cleavage planes, and is ideal for
milling to a fine state of subdivision. In addition, boron nitride is
not readily oxidized during heating, as is the case with finely divided
elemental boron. )

Boron nitride, in intimate contact with tungsten, is believed
to decompose and react at high temperature (under vacuum) in the

following manner:

2BN + W%ZWZB + Nzt

The nitrogen evolves as a gas and the reaction proceeds ﬁo completion.
Since the tungsten is present in excess of the amount required for the
formation of the higher boride, WB, it is likely that WZB forms
exclusively. It is also probable that additional vacancies are created
within the pressed compact by the foregoing reaction. Such vacancies
may also act as effective barriers to solid diffusion and grain growth.

The effectiveness of boron nitride in stabilizing both density
and permeability is illustrated in subsequent Figs. 5-1 through S-4. The
stabilizing influence appears extremely effective at 1800°C (see Figs.

5-1 and 5-2) and still very effective at 1600°C (Figs. 5-3 and 5-4),

-relative to the Ta and Ta+Re additives. However, the 1500°C data (Fig. 5-6)

- indicate a faster rate of permeability decay than for three of the

W-Ta-Re compositions. That permeability of the W-8Cu-4BN should decay
more rapidly at 1500°C than at 1600°C is not considered normal for a
teﬁperature and time-dependent mechanism. Therefore, additional life
testing of the BN-stabilized tungsten will be performed subsequently

under Modification 6, which will include:

_.‘ 4’_ 17
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~ Phase I. Investigation of effects of boron nitride, boron,
and nitrogen on thermal stability of fine angular tungsten.
Phase II. Determination of most advantageous level of stabi-
lizer addition, determined as optimum under Phase I.

Phase III. Determination of relationship between stabilizer
content, sintered density (40 to 75 percent range), and thermal stability.
Photomicrographs of Fig. 4-15 illustrate the changes in

density and pore structure obtained by the addition of various percent-
ages of boron nitride tec W-Cu mixtures. ,:
Procedures for the manufacture of large ionizer bars from
W-Cu-BN mixtures are illustrated in the flow sheet of Fig. 7-1, Section 7.
Iwo series of low-density boron-containing porous materials
were produced and tested for ionization performance. The first compact
had an average'density of 47.0 percent and was produced from a mixture

to e ) MTn fhnwmd e mas L. Pt R D P 1 e -~ - R
Cf '.'.‘*8'3.. 4.253- anT IONILIT CuLLon na @ iLTialive JCUSLILY UL 4/ percent

and a permeability of 2.959 x 10“6 gm.cm. " sec. torr-l. Chemical

analysis of the first compact was as follows:

- W-8Cu-4BN; After Copper Removal

.
.

Element PPm Element pPpm
Al < 10 Fe 30
Ag < 1 Mn < 3
B - > 2500 Mo 200
Ba < 3 " Nb ’ '< 100
Be < 1 Ni ' < 10
Bi < 3 Pb <.10
c 4 47 . Sn _ < 3
Ca 30 ’ Ti 30
Co - | < 3 v _ < 3
Cr ' 20 v Total Others < 300
Cu : 400 W : Bal.

Ionization performance data for this low-density boron-

containing material are presented in Section 6.

4-18
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88W-8Cu-4BN

89W~8Cu~3BN

FIG. 4-15 MICROSTRUCTURES OF LOW DENSITY '"'SHAPED IORE' IONIZER MATERIALS, SHOWING

EFFECT OF BORON NITRIDE ADDITIONS.
1500°C plus 30 minutes at 1800°C)

(A1l specimens sintered 15 minutes

(X400)



Ionization performance of the 47 percent-dense, boron-containing
material was inferior to that of the 67 percent-dense, pure tungsten
material. To obtain performance-test comparison between the boron-
containing and the boron-free matefial, it was necessary to produce
boron-containing material having comparable density. Determinations for

boron-containing mixtures indicated that a density range of 60-65

.percent could be produced with the W-8Cu-2BN mixture.

Six buttons were prepared for ionization tests from W-8Cu-2BN.

Data for these are as follows:

Button Diam, Thick, wt, St, Density, Permeability,
No. in. in. gm sec % gm-cm:%ecfltorr-l
i .i876  .0407  .2160  8.11  60.73 1.181 x 10°°
2 .1877  .0408  .2218  B8.84 62.12 1.0R0 v 1070
3 .1879  .0406  .2168  7.47  60.88 1.273 x 10°°
4 .1873  .0409  .2177  7.50  61.09 1.287 x 10°°
5 1869  .0407  .2159  9.20  61.14 1.048 x 10°°
6 .1875 .0410  .2175  8.68  60.78 1.112 x 10°%-

Button No. 1 wvas selected for ionization festing. Test results
for this button are discussed in Section 6.' It will be noted that test
results between boron-containing, and boron-free material of comparable
density, indicate that boron does not exert a deleterious influence on
ionization performance.

Representative microstructures of various types of ionizers

are compared in Fig. 4-16.

e,




Neg. 3078

wW=-oCu-ZBN
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5. ACCELERATED LIFE TESTING OF IONIZERS

A practical technique for evaluating the thermal stability of
jonizers is the accelerated or simulated life test. This consists of
heating at temperatures significantly higher than those of engine
operation, in order to accelerate solid diffusion and obtain measurable
changes in structure-dependent parameters within feasible lengths of
heating time. Under this contract, duplicate sets of ionizer buttons,
representing nine ionizer compositions, were heated isothermally at-
1800°c, 1600°C, and 1500°C for 8, 8, and 12 hours, respectively. The
heating runs were made without cesium at <1 x 10.5 torr pressure,
except during heat- -up when <1 x 10~ 4 torr was maintained.

Densxtv and N- oermeah111rv nf 18* iAnizor k"::cn, wsare moasurcd
after 0 , 1, 2, 4, and 8 hours at each temperature. Measurements were
also taken after 12 hours at 1500°C. The density units were converted
from gm/cm3 to % of maximum theoretical; the N2 permeability units from
gm-cm-l-sec°1-torr-1 .to % permeability change, relative to the zero
time (as-éintered) reference. Duplicate button averages of relative
density, permeability, and 7 permeability change are given in Table 5-I
for all compositions and heating periods.

The life-test data of Table 5-1 are plotted as indicated in the

following tabulation.

Coordinates Fot Test Temp, °c Plotted in Fig.
%Z p vs Time ' 1800 ' 5-1
%2 Perm. Change vs Time 1800 5-2
% p vs Time ‘ 1600 ' 5-3
% Perm. Change vs Time 1600 5-4
% p vs Time 1500 5-5
% Perm. Change vs Time . 1500 . 5-6

*
Duplicate buttons of 9 compositions

As-sintered condition used as the zero time reference

5-1
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~
wmwae 5-1 ;i
Acceleroted Life-Teat Dats, lndicating Effect of Heating on _\
Joafzer Denssty snd Permeability (Heated under 10'6 torr without cesius) ;1
Toatzer 1800°¢ 1600°C 1500°c -
Composition, Mours st Temperature Hours at Temperature Hours st Temperature
we. T ° i 2 4 3 0 1 2 % ] 3 T 7 “ 3 12 J‘
|
H-ICU(.) Pensicy,l of wmax. theoretical=66.07 70.44 73.34 76.66 B80.55 |70.16 71.50 72.31 73.81  76.16 |69.23 69,82 69.85 70.26 71.66 72.52 ‘
¥, Pezwesbilicy, W(h) — ]| 0.988 0.667 0.413 ©0.287 0.087 {0.704 0.877 0.522 0.451 ©0.350 {0.645 0.3580 0.56k 0.540 0.468 ©0.401 __"
Chsnge fm Fera., 1 '—(t) 0.00 -JI.LQA-SI.ZD -70.95 -91.19 ] 0.00 -18.04 -25.83 -JS.’BA~SD.2l 0.00 -10.08 -12.56 -16.28 -27.44 -”.IJA ,
Time for SOL Ferm. Decrement -e- 1.62 hre. 7.90 hre. 17.09 wrs. :
- !
Spb U(: ')(‘) o1 of mex, 117130 5.3 7834 82.23 ®.82 N 76 72,52 7.1 7397 15.21 |37 72.15  72.3%  72.83 73.8% 1.6l
l! Pesmeahility, §P 1.012 0.640 0.3 0.224 0,050 1.003 ©0.908 0.8 0.780 0.654 0.971 0.897 0.860 0.818 0.741 0.678 —-'1;
Changs in Perm., 1 0.00 -“.7JA-S7.10 -77.91 -95.06 | 0.00 - 9.43 -15.61 -22.24 -34.8L | 0.00 - 7.62 -11.43 -14.73 -23.69% ~30.IIA .
Time for SOL Perm  Becyement 1.58 &73. il.84 tre. 24.22 wrs. -
E-S‘h(" Dessity,l of max. theoretical 76.33 80.09 $2.23 8455 §7.03 76.02 76.18 76.36 17.00 °71.59 |75.79 76.06 76.31 76.41 76.73 76.62
l, Permesbility, uP 0.115 0.063 0.035 0.016 @ Jo.122 o.116 0.112 0,106 0.096 [0.127 0.123 0.122 0.120 0.114 0.113 -
Change in Perm., 3 o) O.WA'kS.u -69.57 -86.09 - 0.00 - &4.92 - I.IDA-lS.O’ -?1.31 0.00 - 3.15 - 3.% - 5.51 -10.24 -11.02 1
Time far 10 Perm. Decrewmant 0.17 br. 2.34 brs. 10.57 hrs. _)}
u—sn-su(‘) iry,Z of max. fcal | 76.73 80.57 82,61 85.02 87.74 {715.61 76.08 76.39 717.20 77.82 [76.76 76.83 76.99 77.02 77.51 77.64 —
", Permasbilicty, KP 0.096 ©0.056 0.031 0.012 (8) [0.053 ©0.096 0.091 0.085 0.074 |0.093 0.09 0.0% 0.09% 0.090 ©0.087 :
Changs is Pern., 1 U,U'A.-bl.67 -67.71 -87.50  -- 0.00 +1.05 - A.Il’.‘-lo.s) 2211 1 noo 4 v e 2331 43 DR 2 22 < L‘A
Time for 10L Perm. Decrement 0.24 br. 3.82 brs. 16.40 brs.
U-ﬂl-lm(e) o1 of max. tical | 70.65 72.48 74.27 75.61 77.29 |71.14 71.19  71.27 71,39  7L.78 17109 71.16 71.2 e MR T4?
l: Yermaability, #P 0.260 0.18% 0.153 0.129 0.088 ]0.248 0.240 ©0.235 0.235 0.228 J0.251 ©0.242 ©0.262 0.242 0.239 0.238
Change in Perm., 2 O.WA-!7.31 41.15 -50.38 -66.15 | 0.00 - 3.23 - 5.24 - 5.2 - I.WA 0.00 - 3.59 - 3.59 - 3.59 - &.78 - S.IIA
Time for 10X Perm. Decresent 0.34 hrx. 10.74 trs. 42.26 Wrs.
ll-ll!h(c) .1 of max. th teal | 77.0¢ $1.09 €3.42 83.37 88.07 [78.33 78.70 79.14 79.82 80.69 [76.54 76.64 76.67 76.83 77.07 7171.30
I: Permenhility, BP 0.099 0.053 0.030 0.012 (4) {o.099 o.0% 0.093 0.085 0.069 [0.095 0.092 0.095 0.09% 0.09% 0.0%0
Change im Pers., 1 O.GOA-“.“ -69.70 -87.88 -~ 0.00 - 3.03 - ‘.“A-lln.lb -30.30 ] 0.00 - 3.68 0.00 +0.5) - 1.58 - 5.26
Time for 10% Perm. Decremeat 0.14 br. 2.97 brs. 16.62 hss.
v-mr--su“) X of max. th fcal |73.95 75.46 % 76.87 78.37 80.61 74,15  74.02  74.31 75.04 '74.99 73.85  73.47 73.58 73.60 73.76 73.94
l’ Permeshility, ¥P 0.190 0.158 ©.130 0.098 0.067 0.187 ©0.206 0.203 0.199 0.188 0.185 0.192 0.200 0.200 0.197 0.1%&
Change in Perm., 1 o.ooA-u.u .31.58 -4B.42 -64.74 | 0.00 +10.19% + 8.58 + 6.70 + 0.5’\ 0.00 4+ 3.78 +B8.11 +8.11 + 649 + b.l7A
Time for 102 Perm. Decrement 0.59 br. 14.83 hrs. 30.21 brs.
|’~lﬂl-lﬂ¢(c) Pensity,l of msx. theoretical 74.54 76.6 78.13 79.58 B81.83 74.56 4.5 74.87 75.13 75.55 |74.04 73.81 73.88 713.83 73.62 73.9
l, Pexmeability, WP 0.148 0.143 0.114 ©0.087 0.057 0.146 ©0.177 0.173 0.16% 0.159 ] 0.099 0.126 ©0.129 0.161 0.16% 0.1¢65
Change fu Perm., 1 0.00 - 3.”A-12.97 61.22 -61.49 | 0.00 +421.23 +18.49 <+15.73 + ",3\ 0.0 +27.27 +30.30 +62.63 470.71 “7.65’\
Time for 10 Perm. Decrement 1.20 hre. 18.73 &re. 114.5 hrs.
I"Ml(.) ' Density,l of smax. theorstical 49.15 30.00 $50.73 S51.09 52.00 J&7 .59 47.88 47.90 47,98 48.11 149.35 49.51 49.40 49.59 49.39 49.77
l’ Permesbility, WP 3.442 3.41% 3,346 3.355 ).274 2.995 3.032 3.010 3.022 2,988 |3.323 3.346  3.321  3.405 3.340 13.203
. (hange in Perm., 1 8.00 - 0.67 - 2.79 - 2.53 - l.“A 0.00 + 1.2 +0.50 + 0.90 + 0.23\ 0.00 +0.571 -0.120 + 2.41 + 0.45 - 3.67
Time for 107 Perz. Decrmment 16.39 hrs. 60.22 hrs. 17.67 hrs.

(s) Twegsten powder base: 0. I,-uduc“. with addition of fine Cu flake
{») Gme atcropern wntt = 10 pc-"-ut".tm" .
() Tusgsten powder bases 0.25-2.5¢ aicrospheres, with additions of fine Ta snd Re particles
(4) Indicetes apperent closure of pore network, with essentially zero permeability . —]
(e) Times for 50 percent and 10 p P bility & s were ined by interpolating oc extrapolating the curves of Figs. $-2, 54, and S-6. °
)
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FIG. 5-1 CHANGE IN DENSITY WITH HEATING TIME AT 1800°C FOR
. VARIOUS TUNGSTEN BASE IONIZERS (heated in 1076 torr
range without cesium)
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FIG. 5-2 CHANGE IN No PERMEABILITY WITH HEATING TIME AT 1800°C
FOR VARIOUS TUNGSTEN BASE IONIZERS (heated in 10~
torr range without cesium)

5-4

"1

[ | [ | | - | £ 1

[_m‘

t 4

[ S |

E



P
-

L - : :

PERCENT OF MAX. THEORETICAL DENSITY

]

& O
. - -10%e
ol 1600 °C Wf/,fi;,,,,,dfff—f,i

wW-10Te-1W0Re i
W-10To- 5 Re / /g
/ v

; ' [ @
W-8Co-atN 9

48

47
wW-5%-10Re

-
-

HEATING TIME , hours

FIG. 5-3 CHANGE IN DENSITY WITH HEATING TIME AT 1600°C FOR VARIOUS
' TUNGSTEN-BASE IONIZERS (heated in 1076 torr range without
cesium)
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CHANGE IN Ny PERMEABILITY WITH HEATING TIME AT 1600°C FOR
VARIOUS TUNGSTEN-BASE IONYZERS (heated in 10-® torr range
without cesium)
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At 18000C, densities increése normally and progressively with
heating time, while permeabilities (except initially for W-10Ta-10Re)
decrease.

At 1600°C, densities increase and permeabilities decrease more
slowly than at 1800°c. However, Fig. 5-4 indicates that W-5Ta-5Re,
W-10Ta-5Re, and (most markedly) W-10Ta-10Re initially increase in
permeability, and (ref. Fig. 5-3) decrease initially and slightly in

- density.

« At ISOOOC, average rates of densification are still slower, as
(beyond initial increases) are rates of permeability decrease. The
marked tendency of W-10Ta-10Re and (to lesser degrees) W-10Ta-5Re,
W-5Ta-5Re, etc., to increase in permeability during earlier stages of
heating is believed to be associated with completion of homogenization
by diffusion. By deduction an initial increace in pormenhilit
reflects an opening-up or coarsening of a pore network. Such coarsening
has been demoﬁstrated to occur by diffusion and growth of one type of
particle into another (adjacent) particle. Energy for driving solid

diffusion can stem from (1) chemical gradients, (2) free surface

- energy differentials, and (3) differences in particle lattice orientation.

Concerning the present compositions, it appears that W-10Ta-10Re
(having highest alloy content) still retained chemical gradients in the
as-sintered condition. As these gradients were eliminated during
subsequent life testing, coarsening of the pore structure and attendant
increase in permeability resulted. Not until the W-10Ta-10Re alloy
reached chemical homogeneity did permeability begin to decay and
density to increase in normal fashion. '

 To extrapolate the accelerated'life-test data to a lower temperature
range, typical of ion-engine operation, it was first necessary to decide
whether to use density or permeability criteria, or both. The decision
was made to use permeability-change data exclusively for the following

reasons:

5-9
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(1) Nz permeability is much more sensitive to structural changes
than is density.

(2) NZ permeability can be measured much more accurately than can
density.

(3) Density levels at which different ionizer compositions become
impermeable (and useless)are not only variable, but not
accurétely known. On the other hand, the zero value of
permeability marks the absolute termination of ionizer
‘function.

_.Based on the foregoing reasoning, the data of Table 5-I and curves
of Figs. 5-2,:5-4, and 5-6 were used to determine the times required for
specific percentages of permeability decrement at each test temperature.

For the unalloved tungsten ionizers,which decayed quite rapidly in

' permeability during testing, the 507 permeability decrement level was

selected as being most appropriate and valid for comparison. On the
other hand, since permeabilities of the spherical-base ailoy ionizers
decayed relatively slowly (especially at 1500°C), a 107 permeability
decrement was selected as most appropriate and valid.

The times required for‘either 50% or 10% permeaBility decrements
are noted in Table 5-I for each test temperature and ionizer composition.
Dividing the selected "% decrement in permeability" values by the times
required to produce those decrements yielded values of "average percent
decrease in permeability per hour". The latter values were plotted on
a log scale versus temperature'on a linear scale.

Curves of Fig. 5-7 indicate the times required at various temperature

levels for the 92W-8Cu and spherical W (control) ionizers to decay 50%

" in permeability. As noted, data points at 1800, 1600, and 1500°C

permit extrapolations down to 1100°C with reasonable confidence.
Curves of Fig. 5-8 indicate the times required at the various
temperature levels for the spherical tungsten-base alloy ionizers to

decay 10% in permeability. In general, data points at 1800, 1600 and

5-10
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1500°C are in good alinement, such that extrapolations here were also
made down to 1100°C. Of the 18 data points plotted in Fig. 5-8, only
that for W-10Ta-5Re at 1600°C was not adhered to in drawing the curves.
Therefore, the W-10Ta-5Re curve is dotted to indicate uncertainty. In
general, curves for ionizers containing 5% of tantalum decline less
steeply than do those containing 107 of tantalum. Such characteristic
'slopes serve to increase overall credibility of the data.

Time data extrapolated from Figs. 5-7 and 5-8 are summarized in
Table 5-II. In general, these extraploations indicate that the alloy
additions progressively extend ionizer lifetimes.

As noted in Table 5-11, the data trend for the W-8Cu-4BN ionizer
precluded extrapolation. Specifically, the permeability decay rates
of this material (averaged over a decrement of 10%) were -0.610%/hr
at 1800°C, -0.166%/hr at 1600°C, and -0.566%/hr at 1500°C. These dara
could be interpreted to mean that the material has an optimum range
of thermai stability at approximately 1600°C. However, since structural
and permeability changes are diffusion and temperature dependent, the
presence of a stabili;y peak at 1600°C is difficult to comprehend,
much less to explain.

‘In summary, data presented in this section indicate that ionizers,
capable of 210,000 hours of effective operation at 1100-1200°C, have
been developed. The contractual design goal of 10,000 hours operation
at 1100°c-1400°cC (with density, permeablllty and pore-size changes of
<1%) is still to be achieved.
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6. IONIZATION PERFORMANCE TESTING OF SELECTED COMPOSITIONS

During the 5 years of continuous ionizer performance testing on NASA
and AF programs, the apparatus, techniques, definitions and form of
presentation of results have undergone continuous improvement. At a
recent contractors meetingA, the need for a complete description of the
present apparatus and procedure was suggested.

6.1 Test Apparatus

6.1.1 The Vacuum System

The vacuum system, shown in Fig. 6-1, is a 1 x 3-foot
stainless-steel chamber with four six-inch window ports, a full-length

cylindrical LN2 shroud, and a one-bounce LNz-cooled elbow trap over a

i0-iuch gage vaive and a 10 inch cil Aiffucion pumn . A1l flanges have

elastomer seals. Roughdown is donme through a by-pass line with a 15-
CFM two-stage mechanical pump. The elbow trap is chflled for 45 minutes,
starting at a pressure of 104 with the exhaust going through the tank
shroud. The diffusion pump is turned on at a pressure in the 10-5-
torr range and it takes about 30 minutes to reach 10"7 torr or lower
with the DC-704 silicone oil. The residual gas spectrum has a high
level of hydrocarbon for the first hour or two, depending upon the
previous history. The tubulated ion gage is on top of the elbow trap,

look1ng at the cold surface. The residual gas spectrum during the early

part of a typical ionizer test is shown in Fig. 6-2. The partial

pressures at high ion currents decline with time as the apparatus outgasses

(primarily the ion collector). The mass analyzer was placed near the

collector end of the chamber.
The liquid nitrogen supply to the elbow and liner is

cycled by an automatic relay valve having a temperature sensor in the

exhaust line. The system is extensively interlocked to turn off all power
except to the mechanical pump in case of a vacuum, source,; Or power

supply failure.
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SCHEMATIC OF VACUUM CHAMBER WITH
ION SOURCE, NEUTRAL DETECTOR, ION
COLLECTOR, AND RESIDUAL GAS

FIG . 6-2
RESIDUAL GAS ANALYSIS WITH

INCREASING ION BEAM CURRENT IN

DIFFUSION PUMPED SYSTEM WITH

LIQUID NITROGEN LINER AND TRAP
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6.1.2 Jon Source
The ion source has been described in two previous

b ]

technical publications » and has since undergone further modification.
The jonizer and feed tube are electron beam welded into the Mo holder,
eliminating all brazes from the high-temperature feed manifold and from
areas adjacent to the porous sample. No special shielding precautions
are taken during the welding, and no oxide transport of the Mo or Ta has
been suspected. The re-useable ionizer and reservoir heaters are press-
fitted over the respective parts (all shown in Fig. 6-3) and provide good
heat transfer. The ionizer thermocouple has W-Re alloy elements, in-
sulated by Mg0 in a 1/16-inch-diameter Ta sheath, located in a 0.20-inch-
deep hole in the Mo holder. The reservoir thermocouple uses sheathed
chromel-alumel elements, inserted into a hole in the 304 stainless-steel

- a2l
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6.1.3 Ion Collector

The ion collector is a closed-end copper 45°-chevron
with the center V section pointing toward the ionizer. All chevrons are
linear and uniformly gpaced. The assembly is suspended inside the LNZ-
cooled liner and not separately cooled. Two sets of tungsten ribbons
with their edges toward the ion source are used for secondary electron

suppression,with -90V on the grid closest to the collector. The outer

grid and collector are at ground potential. The ion collector current

(including grid current) is used for all ion current curves. These are

first plotted automatically on an X-Y recorder as a function of ionizer

‘thermocouple voltage.

6.1.4 Neutral Detectof

The neutral detector is diagrammed in Fig. 6-4. The
detector has two sets oflOAO"-wide collimating slits, separated by ion
deflection plates, and is usually operated at 15° to the beam axis and
5 inches away from the ionizer. An electromechanical shutterapermits
meésurement of the detector background signal. The necutral cesium atoms

are ionized and repelled by an AC-heated tungsten ribbon at +45V, well

R cad
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above the space-charge limit. About half of the ions are intercepted
by the vented case and the other half by the collector, both of which

are at ground potential. The signal from the collector is measured by

-an electrometer amplifier and plotted as a function of the ionizer

thermocouple voltage on another X-Y recorder. A special chopper-isolation
transformer circuit is used to convert the thermocouple signals at

ionizer potential to ground-potential signals.

6.2 Test Procedure

The porous ionizer is lathe machined with the Cu-Fe infiltrant,
then finish ground. The infiltrant is removed and the ionizer's N2
permeability measured. The Ta feed tube is electron-beam welded to the
Mo holder prior to attaching the ionizer. Then, after preheating the
assembly CO'VIOOOOC, the ionizer is beam welded into the holder under a
10-6-torr pressure. The reservoir is then brazed on with a Ni-Cu alloy
and the assembly is bubble testéd in acetone. The NZ permeability is
measured again and the ionizer is photographed. The porous area of the
ionizer is computed from the enlarged photograph. Pore counts are not
usually performed on the actual test buttons, but on representative
samples from the parent coﬁpact.

The reservoir is loaded with a few grams of cesium in an argon-
atmosphere dry box after several evacuations and argon flushes. The
reservoir plug is sealed with a metal gasket and the assembly is handled
in air during installation in the ion source and vacuum system. No
serious air diffusion through the porous ionizer has been observed.
Ionizers stored in air with loaded reservoir have not shown any detectable
change in performance due to contamination of the cesium.

' The loaded assembly is heat shielded with Ta foil, mounted in
the ion source, and the accel-decel electrodes aligned with a special
tool. The electric connections are checked for cbntinuity and isolation.
The system is pumped down as described previously in Subsection 6.1.1.

The ionizer is heated to 1200°C and allowed to operate at 5 mA/cm2 for

several hours to outgas the hot parts, condition the insulators, and

S
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effect a stable, reproducible surface condition. During the conditioning
period, the ionizer and reservoir temperature, the neutral detector
current and the ion collector currents are continuously recorded. This
conditioning can be done overnight with interlocks on the ionizer heater,
neutral eye, high voltage supplies, in addition to those on chamber
pressure, diffusion-pump water, and LN2 supply.

The eye alignment is checked using the light beam of its
filament. Electrode alignment can be checked by various methods:
the neutral-detector angular scan, the glowing spot visible on the
collector due to ion impingement, or by argon admission and observation
of the beam.

Jon current-temperature (mV) curves and neutral detector
curreni-temperature (mV) curves are taken on the X-Y recorders when the
curves are feproducible. Total neutral reading is obtained by turning
off the high voltage. The accel-electrode temperature is not controlled.
No attempts to clean the surface are made by sputtering; however, the
effects of admission of 02 or acetylene have been studied on occasion.

A set of curves is taken by increasing the flow rate in
steps, with perveance‘also being tested for each‘voltage to insure
adequacy of the voltage for emission-limited current (the neutral detector
is the most sensitive indicator of adequate voltage). Frequently, these
tests are continued for several days.

After the test, the apparatus is carefully examined for
retention of electrode alignment and ionizer surface appearance. At
times, heavy arcing causes melted surface spots. Finally, the cesium
is removed from the reservoir, and the ionizer NZ permeability is again
measured. A record of the reservoir temperature versus ion current is,
of course, available to detect if cesium permeability changed during the

test.

6.3 Performance Indicator Definition

The most important indicators of ionizer performance are the
neutral fraction and the transition temperature as a function of ion

current density and ionizer structure (i.e., pore density, pore size,



pore shape and distribution). These parameters are representative of
the ionization (propellant utilization) efficiency and jon generation
efficiency (with emissivity neglected) respectively, and are related to
the ion engine performance parameters, accelerator lifetime and power
efficiency. They are treated in detail by Kuskevics7. v

The common measurements of surface ionization give the ion
current density and neutral efflux as a function of ionizer temperature
for various cesium flow rates. A typical set of curves for porous
tungsten, normally taken with decreasing temperature, is shown in
Fig. 6-5 in order to define the various regions of operation. As
temperature is decreased, ion current density does not remain constant
in the low cesium-coverage region, because of a change in both ionization
efficiency and cesium permeability. The "transition temperature"
characterizes the portion of the curve denoted as the transition region,
wucic a rapid change 1n siope occurs as the various parts of the surface
change from a low to a high cesium coverage (characterized by low
ionization efficiency and high neutral efflux). When the transition is
very discontinuous, as for uniform solid surfaces, one can speak of the
upper and lower transition temperatures, one with increasing Te and the
other with decreasing Te' For porous ionizers, there is usually no
sharp discontinuity, and various definitions for transition temperature
have been used by different investigators. The one definite temperature
point, designated Ta, is that at which neutral fraction, d, reaches a
minimum (if it does). This point is sensitive to surface conditions.
Curves at high current densities frequently do not reach a minimum at an
ionizer temperature below 1400°C, as shown in Fig. 6-22. Another

definition of transition temperature, designated T is the temperature

>
at which the ion current declines by 5 percent (twgltimes the minimum
detectable current change). This latter temperature depends somewhat

on its definition, and may be less sensitive to surface conditions. For
porous ionizers, it is best to use the actual j-Te and a-T _ curves;

rather than the transition temperature plots.

Al
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The optimum temperature for operation of ion thrustors lies

in the relatively small range between the lower T,.. and the higher ?a.

. (1
The sum of the ion and equivalent atom currents shows that total flow

rate decreases about 3.5 percent per 100°c.

6.4 Performance of Ternary Alloy JTonizers

. A series of ionizers was made from 0.25-2.51 tungsten
microspheres, with additions of tantalum and rhenium (ref. Subsection 3.3).
A W-5wtZTa-10wt%Re composition was selected for testing, because of its
very high pore density, coupled with very long projected lifetime. The
first sample evaluated showed excellent performance characteristics
during preliminary testing. Damage to this ionizer during handling

prevented verification of performance, and therefore a second ionizer

[

was—tested—Simitar results were obtained from both samples. Metallurgical

characteristics are listed on LeRC sheets of Appendix C, and are summarized

as follows:

_ ‘ Density, N2 Permeagility, Av Pore Av No. of Av Pore
Ionizer No. % pp” Diam, K pores/cm2 Spacing, H
- , *k *%
IVIXR-10  68.6 -28 1.58™*  12.0x10° 2.9
IVIXR-11 75.3 .12

* -
14P unit defined as 10 6gm/cm-sec-torr

Measured at 72% relative density
The IVTXR-10 ionizer showed excellent performance, comparable
to 60-70% dense ionizers, made by the copper-flake technique. The ion
current transition temperature (Fig. 6-6) equaled the Langmuir data
above 10 mA/cmz, but was 40° higher than the Langmuir data at 4 mA/cmz- !
The neutral fraction versus ionizer temperature curves (Fig. 6-7)
had a deep minimum below 10 mA/chz, and had a shallow minimum even above
20 mA/cmz. The work function decrecased slowly with ion current density

from 5.0 eV at 5 mA/cm2 to above 4.9 eV at 20 mA/cmz. The high

6-10
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work function, coupled with a deep & versus Te minimum, resulted in a
very low neutral fraction, 10X lower than E3 (1-4M4) spherical tungsten
at 5 mA/cm2 and 5X lower at 20 mA/cmz, as shown in Fig. 6-8.

The IVIXR-11 ionizer confirmed the performance of this type
of ionizer material. The ion current transition temperatures were near
the Langmuir data, as shown in Fig. 6-9. The neutral fraction versus
ionizer temperature curves (Fig. 6-10) were very favorable at low ion
current densities (below 12 mA/cmz), with a deep minimum corresponding
to 4.95-5.00 eV work function. At higher ion current densities (above
20 mA/cmz), there was no shallow minimum in the curves below 1350°C.
This characteristic led to a neutral fraction somewhat higher than for
the other sample, especially at higher ion current densities. This may
be due to the difference in final sintered densit; of the two samples
(the lower neutral fraction came from the lower density sample).
Nevertheless, neutral fraction was still superior to the E3 (1-4j)
spherical tungsten, as shown in Fig. 6-11. ’

Both of these ternary ionizers exhibited a strong-Cs-flow

dependence on the ionizer temperature and the rate of change of temperature

at low ion éurrent den;ities. Upon rapidly lowering the ionizer heater
power at high temperature (IAODOC), the ion current would quickly drop
as much as 407 before leveling out with further temperature decline

(see Figs. 6-6 and 6-9). This effect was not voltage dependent (since
flow varied identically with voltage off) and did not effect the ioniza-
tion efficiency. Similar behavior has been observed in many other
tantalum-containing ionizers. The w-1028Ta ionizers, tested previously,
all showed this phenomena to a similar degree, whereas the effect was
observed to be small in the W-10%Ta ionizers. Several pure tantalum
ionizers possessed such a strongly temperature-dependenf Cs permeability’
that it was not possible to directly measure ionization efficiency as

a function of ionizer temperature.

6-13



z

ALLOY IONIZER IVTXR-10, COMPARED WITH THE E3 (1-4,) SPHERICAL
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The magnitude of this effect (while bothersome in experimental
testing due to rapid temperature cycling) is not large enough in these
ternary alloy ionizers to cause any problems in ion engine control
systems. Any temperature cycling in large ion engines occurs over a
narrow operating range, and has long time constants due to the large

thermal mass and good thermal insulation.

6.5 Performance of Low-Density Ionizers

A series of ionizers, made from a fine (0.8i4) hydrogen-reduced
tungsten powder +8wtZ copper flake mixture, were tested. Metallurgical
parameters are listed on LeRC sheets of Appendix C, and are summarized

in the following tabulation:

- Density, N, Permea- Av Pore Av No. of Av Pore
Ionizer No. Stabilizer % j bility, MP Diam, M Pores/cm? Spacing, Y
I-5 None 67.7 1.27 3.86 1.71x10° 7.65
II-2 None 66.5 1.32 - :
ViB-1 . 4utZBN 47 .0 2.96 Indeterminate
57WBCu-1 2wtZBN * 60.7 1.18

*
Produced under this contract; tested under Air Force Contract.

The prime objective was to see if useful ionizers could beA
made from low-cost powders, using the copper flake techniqﬁe, and to
determine the effects of material density and boron stabilization upon
ionization performance. It was found that not only could useful
ioﬁizers be made, but that ionization performance was better than
that of any other ionizer previously produced. Ionizers made by the
copper-flake technique are referred to in subsequent Section 6 figures
as "shaped-pore"‘ionizers.

The first test of these low—density ionizers was made on
the 68%-dense I-5 ionizer. The superiority of this ionizer, coupled

with short testing time, suggested another sample be tested to verify

- 6-18
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performance. Confirmation was achieved through ﬁesting of the 67%-
dense 1I-2 sample. To improve the sintering stability of this type

of ionizer, 4 W/oBN was added to the W-Cu flake mixture, and a resulting
47%-dense ionizer was tested. The neutral fraction was over a decade
greater than for the first series. To determine if this difference

was due to the density, structure, or addition of BN stabilizer, an
iﬁtermediate 61%Z-dense ijonizer with 2W/oBN was tested. Its neutral
fraction was comparable to the original 687-dense unstabilized ionizers,
while its minimum neutral fraction was at a lower temperature.

The significant improvement in ionization performance to be
gained with the low-density ionizers was revealed during testing of the
68%Z-dense I-5 ionizer. Ion current transition temperatures, which were
about 60°c apove the Langmuir data for solid tungsten below 10 mA/cmZ,
did not increase with the ion current density, and were about 20%¢
below the Langmuir data above 20 mA/cm2 (Fig. 6-12). Nevertheless, at
low ion current densities, the transitions were very sharp. Just a
few degrees above the transition temperature, the neutral fraction
was very low, compensating for the moderately higher transition
temperature. Above 15.mA/cm2, there was no minimum in the ¢ versus
Te curves, although the neutral fraction was still low (5X lower than
E3 [}-dy:lspherical-powder tungsten at 15 mA/cmz) as shown in Figs. 6-13
and 6-14. ,

Similar performance was recorded for the 67%-dense II-2
ionizer. The ion current transition temperatures were about 20°c
above the Langmuir data at 30 mA/cmz, but were only 30°C lower at
7 mAIcm2 (Fig. 6-15). The neutral fraction was slightly lower for
this ionizer than for the I-5 ionizer, although the & versus ‘I‘e curves
had no minimum below 1300°C for ion current densities above 5 mA/cm2
(Fig. 6-16). This ionizer test was foreshortened by a facility break-
down during unattended operation, and befdre the interlock protection
was completed. The trend of the data, as initially reported, was

determined from relatively little data; it was distorted by several

6-19
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data points at low current densities, which points were erronecously
computed or now considered unreliable. Consequently, the neutral
fraction at low ion current density, while still very low, is somewhat
higher than previously reported. In Fig. 6-17, the corrected data
are compared with the E3 (1-44) spherical tungsten ionizers which have
a 6X higher neutral fraction.

Performance of the 477-dense ionizer, ViB~1, stabilized with
{wt7%BN was disappointing. The ion current transition temperatures
were 15°C below the Langmuir data at 4 mA/cmz, as shown in Fig. 6-18.
The o versus Te curves had a broad minimum about 100°C above the ion

current transition temperature (Fig. 6-19) but the work function was

2
not high, being 4.6 eV at 7 mA/cm . The neutral fraction was consequently

greater than other high-performance ionizers, being 3X greater at
5 mA/cmz, and 6X greater at 15 mA/cm2 than the E3 (1 -4) Spherlcal
tungsten ionizers (Fig. 6- 20) _

The poor performance of the 477%-dense ionizer with 4wt7BN

stabilizer, after the excellent performance of the unstabilized

. 67%-dense ionizers, led to development of an intermediate ionizer

having a 617 density and 2% of BN stabilizer. One sample of this
material, No. 57WBCu-1, was tested under Air Force contract and found
to be the best composition developed to date. The ion current
transitions were very sharp, as shown in Fig. 6-21, and averaged 20°¢
below the Langmuir data. The neutral fraction versus temperature
curves had very deep minimum even at 20 mA/cm2 (Fig. 6-22). The work
function, as determined from the Saha-Langmuir equation, declined
very slowly from 5.0 eV at 5 mA/cm2 to 4.9 at 20 mA/cmz. While other
ionizers (i.e., the 68%-dense low-density ionizers) have shown higher
work functions, the No. 57WBCu-1 ionizer actually had a lower neutral
fraction because the work function did not begin to increase until
temperature had declined to a value near the ion current transition

temperature. Many high work-function ionizers decline rapidly in ¢
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as the temperature declines, so that the very low neutral fractions are
recorded at temperatures between 1300-1400°C. Figure 6-23 compares

the minimum neutral fraction versus ion current density of the E3
(1-44) spherical tungsten ionizers with the No. 57WBCu-1 ionizer, which
has a neutral fraction 10X lower at 10 mA/cmz.

Due to operationover widely varying performance conditions,
surface damage in an experimental ion source is much more common than
in large engines. The normal result of a particularly heavy arc or
discharge on the ionizer surface is to melt a spot on the surface
which seals that area. On small buttons, this causes a small decrease
in permeability and a small increase in neutral efflux. Two small
areas on a 68%-dense shaped-pore ionizer were damaged in this way.
However, on the 6l1%-dense stabilized shaped-pore ionizer, a discharge
occurred which caused the surface to melt and shrivel away, leaving a
rough depression surrounded by a mildly eroded area, both of which
were still porous. This damage caused a decade increase in the gross
neutral fraction of the ionizg;. Further experience will be needed to
determine the probability of this serious damage mode occurring in ion
engines,which operate un&er more conservative conditions.

It is not clear why the low—densify (<70%.) ionizers perform
so well. Since their pore density is low and pore diameters large,
the improved performance must be due to a larger ion emission area,
ﬁostly from within the pores. Thus ionization performance appears to

be determined by a combination of pore density, pore size, and pore

spacing (i.e., material density). There should be an optimum combination

of pore parameters. Among these, pore shape and size distribution
should also be important. The 68%-dense unstabilized ionizers have a
very homogeneous structure, composed of a multitude of elongated pores
in a solid matrix. The 47%-dense stabilized ionizer on the other hand,
has a very open network with a solid web-like structure in a void
matrix. This structure has poor homogeneity (compared with the 68%-

dense ionizers) and has numerous large pores, as well as many small
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pores. th the 617%-dense stabilized ionizer, which has a structure
intermediate to the 47%-dense and 687-dense ionizers in both homogeneity
and character of porosity should have the best performance is not '
understood. Nor can the effects of the low-density structural charac-
teristics and material density upon performance be delineated at-this
time. It appears, however, that the boron nitride stabilizing addition
does not poison the ionizer surface at concentrations up to 2wtZBN,

due to the lower work function of boron. The effect of larger concen-
trations of boron upon performance and lifetime remains to be determined

under Modification 6 of this contract.
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7. TECHNIQUES AND PROCEDURES DEVELOPED FOR PRODUCING LARGE IONIZER BARS

Before ionizer bars, large enough to conform to the LeRC specifica-
tion, could be produced, certain modification and improvements in
fabrication methods were made. These modifications were necessitated
by the relatively low apparent density of the 0.8y angular tungsten
powder and copper flake, as well as by the limited 6-1/2" working
diameter of the pressing chamber. The compaction ratios (''loose-powder"
to "pressed-bar" volumes) were so much higher for the angular-tungsten
plus copper-flake mixtures, compared to tungsten microspheres, that it
was not possible (within the available isostatic chamber) to press a ‘
billet large enough to be machined into a LeRC ionizer bar. The
principal deve%opment consisted of pre-pressing the blended powders,
followed by re-milling to increase the apparent density of the powder
mixture.

7.1 Fabrication Techniques and Procedures

The sequence of operations, used in fabricating large ionizer

bars, is shown in the flqow sheet of Fig. 7-1.

The various fabrication steps and their purpose are tabulated

below:

STEP OPERAT ION PURPOSE

1. Blending Homogenize powder mixture

2. Pre-pressing’ | Increase apparent density of powder in
3. Re-milling _} preparation for next step

4. Final Pressing - Consolidate powder ,

5. Pre-sintering Increase mechanical strength

6. Final Sintering Establish solid bond and desired density
7. First Infiltration Permit machining

8. First Machining Form test bar

9. De-infiltration Permit permeability testing_

10. Permeability Test Determine permeance and uniformity of same
11. Re-infiltration Permit final machining

12, Final Machining Obgfigukiz_gg_kgRq“Q§msgﬁ%ons
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Step 1. Blending of Powder Mixtures

Ionizer bars were manufactured from two powder
mixtures: (1) 92W/o of 0.84 angular Hz-reduced tungsten plus 8W/o of
copper flake; (2) 90W/o tungsten, 8W/o copper flake, plus 2W/o boron
nitride. The copper was essentially all removed during subsequent
sintering, resulting in bars of (1) high-purity tungsten, and (2)
99.13W/oW - 0.87W/oB. When boron nitride is added, as in mixture (2),
the nitrogen is believed to be expelled during vacuum sintering, while
the boron diffuses into the tungsten.

The raw materials used.in the powder mixtures were
as follows:

Tungsten Powder, 0.70-0.99# angular, Hz-reduced

Copper Flake, Cres-lite copper leaf #112

Boron Nitride, Carborundum HPF grade

Tungsten and copper were used in the as-received
condition. The boron nitride was wet ball-milled for 18 hours in a
benzene medium, with hardened steel balls included to assist in
breaking-up the agglomerates. After being ball-milled, the boron
nitride waé dried in air.
. The components of the powder mixtures (92W-8Cu and
90W-8Cu-2BN) were weighed, ball-milled for two hours in benzene, and

air dried.
Step 2. Pre-pressing of Powder Mixtures

The blended mixtures were too fluffy to permit isostatic
compaction of large bars within the available pressing chamber.

Therefore, it was necessary to pre-press the mixtures to increase

apparent density of the powder. For this operation, the powder mixtures

were loaded into amber-rubber envelopes, hermetically sealed, and
pressed isostatically. The most suitable pressure was found to be

10,000 psi. Pre-pressing at higher levels results in high-density

agglomerates and non-uniform final pore structures, while lower pressures

do not provide sufficient apparent density.
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Step 3. Re-milling of Powder Mixtures

The pre-pressed powder mixtures were broken up in a
mortar, passed through a 60-mesh screen, and ball-milled for two hours
under dry conditions.

Step 4. Final Pressing of Powder Mixtures

The powder mixtures were loaded into rectangular amber-
rubber envelopes, hermetically sealed, and pressed at 60,000 psi
(isostatic). Compact weight was approximately 1200 grams.

Step 5. Pre-sintering of Compacts

The compacts were presintered at 1010°C for 2 hours
in forming gas (85N2-15H2). This established initial bridging between
tungsten particles, while the copper particles were still present,
providing the desired pore network. It also provided the compacts
with sufficient mechanical strength to withstand the thermal shock
of rapid heating to final sintering temperature.

Step 6. Final Sintering of Compacts

The compacts were heated in vacuum (10_5 torr range)
to effect solid bonding. The copper component was lost through
volatilization; nitrogen was also evolved in large volumes from the
W-Cu-BN mixture. The W-Cu compacts were sintered for 15 minutes at
1500°C plus 15 minutes at 1800°C. The W-Cu-BN compacts were sintered
for 15 minutes at 1500°C plus 30 minutes at 1800°C.

Steb 7. First Infiltration of Sintered Compacts

All compacts were initially infiltrated with Cu-2W/oFe alloy
at 1150°C for 2 hours under forming gas.

Step 8. First Machining of Infiltrated Compacts

The ionizer bars were machined larger than specified
by the LeRC standards to allow for the slight warpage which occurred
during final infiltration.

Step 9. De-infiltratioﬁ of Ionizer Bars

.As an intermediate step and in order to determine
permeability, it was necessary to remove the infiltrant. Copper and
. . . . . o
iron were quantitatively removed by heating in vacuum at 1600 C for

30 minutes.
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Step 10. Permeability Testing of Ionizer Bars

Uniformity of porosity was determined by measuring
permeability at 28 stations over the surface of each bar. Criterion of
permeability was taken as the time required to collect 5 cm3 of NZ’
while holding a constant ﬁressure drop (10" Hg) across the ionizer.
The Nz gas was collected by a probe, held firmly against the bar face;

the stations were at square-grid intervals of 1/2 inch.

Step 11. Re-infiltration of Ionizer Bars
 The test bars were infiltrated with pure copper at
1150°C for 2 hours under a forming-gas atmosphere.

Step 12, Final Machining of Ionizer Bars

The re-infiltrated bars were final machined to the
following LeRC standard size: 0.125", +.010"; 2.10", +.020"; 3.90",

+.020". Finally, the bars were surface ground and etched with Murakami's

,

reagent, in accordance with LeRC procedure.

i

7.2 Permeability Test Equipment and Procedures

Permeability surveys of the large ionizers were made in the
following manner. Eacﬁ bar was placed in a pressurized plenum, wherein
the edges of the bar were sealed. During testing, anconstént differen-
tial of 10"-Hg nitrogen pressure was maintained across the bar. By
holding a gaskéted probe firmiy against the face of the bar, the trans-
mitted nitrogen was collected and conducted into an accurately calibrated
volumeter.

A block diagram of this permeability apparatus is shown in
Fig. 7-2. Commercial bottled nitrogen was used as the diffusant gas.
The gas was first passed through a drying unit (calcium-sulfate type)
and then through a gas filter (Hoke No. 2231, 2-54). Pressure in the
test plenum (indicated on a U-tube Hg manometer) was adjusted with a
conventional two-stage diaphragmregulator on the N2 tank, and maintained
at 10"-Hg.
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The test Plenum is a shallow rectangular chamber, having a
foam-rubber gasket around its upper periphery. The test bar rests on
a shoulder of the gasket, with the outer edge -of the gasket extending
above the level of the plenum and the test bar. A compression plate,
1/2" thick and retained by bolts, effects sealing of the plenum.
Twenty-eight through holes of 3/8' diameter guide the collector probe
for the permeability survey."

The collector probe has a 3/8"0.D. x 1/4"I.D. neoprene O-ring
cemented to its end. When held against the ionizer with firm hand
pressure, the effluent gas is effectively collected and conducted
through a Tygon tube to a Brooks volumeter (30 cm3 capacity). Here,

a plastic piston with a mercury seal rises as the gas enters the unit.

Wall friction of the piston is negligible, with a back pressure on the

order of only 0.01" Hg. The criterion of permeability is taken as

the time required to collect 5 cm3 of nitrogen, while the pressure drop

across the ionizer bar is maintained at 10" Hg.

7.3 Effect of ﬂbading Technique and Vibration on Packing Density

Investigatlon of vibratory packing versus static loading was
performed on tungsten microspheres, before it was decided to use Hz-
reduced tungsten for fabricating large ionizer bars. However, results
of the packing experiments are very pertinent, despite the fact that
an alternate double-pressing method was subsequently developed as
optimum for large-ionizer fabrication.

The objectives of vibratory packing were to improve structural

.uniformity, to enable pressing to closer tolerances, and, thus, to

minimize waste of material. The effects of various packing techniques
on apparent density were determined in a Pyrex graduate of 3/8-inch'
diameter. Variables of loading and paﬁking are given in Table 7-1,
together with the apparent densities derived. The lowest packing
density (45.3 percent of theoretical) was obtained with damp powder,
which was merely poured into the graduate. Density was increas;d

slightly to 47.8 percent by tamping manually with a rod. When the
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TABLE 7-1

EFFECT OF VARIOUS PACKING TECHNIQUES ON APPARENT
DENSITY OF 2.5-10p DIAMETER TUNGSTEN MICROSPHERES

Test| Powder Technique Used for Powder Density
No.| Condition Loading Graduate Wt, gm | Vol, cm3 gm/cm3 % of theor. .
1 As-Rc'd Poured directly 19.935 2.28 B8.74 45.3
(damp)

2 Dried by Poured directly 20.450 2.28 8.97 46.5
Desiccation

3| As Rc'd | Tamped manually with rod 20.681 | 2.24 | 9.23 | 47.8

(damp) ‘

4 Dried by Tamped manually with rod 21.707 2.28 9.52 49.3
Desiccation

5 | Dried by | Poured directly - Vibrated 26.344 | 2.30 |11.45 59.3
Desiccation | ultrasonically for 60 min :

6 |Submerged Vibrated ultrasonically for 60 min | 26.351 2.28 |11.56 59.9
in benzyl Vibrated ultrasonically for 90 min | 26.351 2.26 |11.66 60.4
alcohol Vibrated ultrasonically for 120 min| 26.351 2,25 |11.71 60.7

7 |Submerged Evacuated 1 hr@ = 1 torr ) 25.294 2.60 9.73 50.4
in benzyl Vibrated ultrasonically for 5 min 25.294 2.30 |11.00 57.0
alcohol Vibrated ultrasonically for 65 min | 25.294 2.10 |12.04 62.4

Vibrated ultrasonically for 125 min| 25.294 2,10 |12.04 62.4
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powder was dried first and then poured into the graduate, density was
increased slightly to 46.5 percent. A large increase in apparent
density to 59.3 percent was effected by vibrating the dry powder at
40 kc/sec for 60 minutes. Apparent density was increased even further
to 62.4 percent by submerging the powder under benzyl alcohol and
vibrating at 40 kc/sec for 65 minutes. Vibrating the submerged powder
for an additional 60 minutes effected no further increase in apparent
density.

The foregoing results would seem to indicate that packing
of tungsten microspheres by submerging in benzyl alcohol and vibrating
ultrasonically was the best technique tested, since it produced the
highest apparent density. However, the high-frequency vibration
continuously liberated vapor bubbles, which bubbles tended to be
trapped within the tungsten powder. This effect was even more
pronounced when water and methyl-alcohol vehicles (both having higher
vapor pre#sures than benzyl alcohol) were used. It is concluded,
therefore, that use of a liquid vehicle in conjunction with ultrasonic
vibration is not pracgical, due to the formation of relatively large
void occlusions.

It may be noted in Table 7-I that vibrating in the dry condition
yielded an apparent density of 59.3 percent, not much lower than the
62.4 percent obtained by vibrating under benzyl. A barrel-shaped
compact (~1/4-inch diameter x 3/4-inch length) was prepared from the
2.5-104 microspheres by vibrating the dry microspheres at 40 ké/sec
for 60 minutes, hydrostatic compaction, vacuum sintering, and copper
infiltration. The infiltéated compact was sectioned longitudinally,
polished, and examined microscopically. Examination revealed a core
region which was much denser than the surrounding structure (see Fig. 7-3).
This could occur only if (1) the core region was compacted to a higher
density than the surrounding region or (2) the finer particles migrated to
the core region during vibration, with subsequent rapid deﬁsification. of
these, (2) appears to be most probable. Since homogeneity of ionizer
pore structure is required, and since vibratory packing is indicated to

segregate the finer particles, use of this cechnique is not recommended.

-
]
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Neg. 2767 X5

FIG. 7-3 DENSE REGIONS IN SINTERED PELLET, MADE FROM
2,5-10p TUNGSTEN MICROSPHERES WHICH WERE

’ PACKED INTO RUBBER MOLD BY VIBRATING AT
40 kc/sec FOR 60 MINUTES (dense areas
appear dark due to oblique lighting used
in photography)
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8. | CONCLUSIONS AND RECOMMENDAT IONS

Development work, described in this report, has provided greatly
improved tungsten-base ionizers of two general structural types, made
from: (1) small tungsten microspheres with additions of small angular
Ta and TatRe particles, and (2) small angular tungsten particles with
additions of finely ground boron nitride. Relagive characteristics of

the two types are summarized be low:

TYPE 1 TYPE 2
Spherical Tung,-Base Angular Tung,-Base
With Ta & TatRe With Boron Nitride
Absolute Density } High . Low
Pore Density
i
Open Pore Volume °* low High
Nz Permeability } -
Pore Diameter Small Large
Pore Spacing } .
Lifetime at 1100ﬁ1300°c .Very Good Indeterminate
Ionization Performance Excellent Excellent
Powder Cost * High ’ "~ Low

The spherical tungsten-base ionizers had up to 1,4x107 pores/cmz,

.good thermal stability, and excellent ionization performance. Neutral

fractions of W-5Ta-10Re ionizers were lower than for the finest-structured
ionizerr(w+1023 Ta) tested previously by factors of ~1/4X at 5 mA/cm2

;nd ~2/3X at 20 mA/cmz. Transition temperatures were approximately
equivalent to those of w1028 Ta over the 5-20 mA/cm2 range, Furthexr
refinement of pore structure and improvement of ionization performance
would necessitate (1) the use of an inert separator powder, such as

copper flake, and/or (2) further developments by powder technologists

to provide and classify tungsten microspheres finer than the diameter

range 0,25-2,5u,
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The angular tungsten material with addition of boron nitride
stabilizer was prepared by the copper-flake technique, This low-
density, high-permeance material is a new EOS concept having great
pogential. Despite the fact that a relatively short time was spent
in development, its ionization performance was excellent, Neutral
fractions for the 6l%-dense W-8Cu-ZBN ionizer were lower than those of
w1028 Ta by factors of‘~1/7X at.S mA/cm2 and ~1/3X at 20 mA/cmZ.

In addition, transition temperature was 60°C loger at 5 ﬁA/cmz than
that of w1028 Ta,

Further study of the high-perméance ionizers is needed (1) to
optimize pore structure, density level, stabilizer content, etc.,
and (2) to determine the mechanism by which boron nitride provides
.structurai stability at elevated temperatures, Optimization of pore
structure and composition is expected to improve performance by a
significant degree, Therefore, advanced development work on this
new ionizer cahéept was proposed and initiated as Modification 6 of

this contract. : ' -

[
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Introduction

On April 20, 1965, a sample of tungsten powder designated S/M

No. E2143 was received for particle size studies by electron micro-
scopic techniques, It was requested that the counting increments be
such that the % by number of particles in the . 5-2.5 . range be de-
termined. The following report is the result of the studies and is
hereby respectfully submitted.

Sample Preparation and Study Techniques

The sample preparation technique which proved to be most suitable
with respect to agglomeration and particle dispersal is described
as follows:

A representative portion of the sample was dusted on to a parlodian
film microscope viewing grid. The excess material was removed
from the grid and the specimen was placed in a vacuum chamber.
Carbon was evaporated vertically on to the grid, thus effectively
sandwiching the particles between the parlodian layer and the carbon
film. This provided a stable sample substrate and effectively im-
mobilized the particles. The grids were viewedin a Norelco EM 100
electron microscope capable of resolving 14 A. The microscope was
accurately calibrated to + 604, by using 2640 A Dow calibration latex
spheres (standard deviation = . 0060).

The particle size counts and distribution data were performed by the
equivalent circle techmque which is described in detail in a following

section.

Electron Micrographs

In the lower right hand corner of each of the micrographs contained
in this report a pair of black marks may be seen. The distance be-
tween the inner edges of these marks represents a distance of one

micron on the surface of the micrograph. A stamp has been placed
on the back of each micrograph in this report which contains infor-
mation as to the identity of the sample from which the micrograph

was made and the conditions under which the micrograph was taken.
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Discussion of Electron Micrographs

In general, the tungsten particles are quite spherical in nature with
relatively few particles showing any crystallographic faces or other
non-spherical forms. The largest particle found during preliminary
visual scanning with the electron microscope was 5. 8 u in diameter.
As this particle was well beyond the range of the other particles in
the sample, it was considered to be atypical. Some tendency of pre-
ferred grouping of the fine particles about the surfaces of the larger
particles was found to be present. These 0.25 -~ 0.5 p particles were
counted when visible, but undoubtedly many were spread over the top
and bottom surfaces of the larger particles and could not be counted.
Very little contaminating material is present in the sample.

Discussion of Particle Size Data

-

At the end of this section will be found the particle size data in tabular
form. The counts were taken from five representative electron micro-
graphs and a total of 941 particles were counted. The numerical data

are plotted on graphs in order that the reader may conveniently observe
the general trends of the data.

Figure No. 1 is a simple histogram displaying the frequency of the
actual counts of each incremental step. The conversion of this data
into a percentage basis relating the incremental particle diameters
to the total count is presented in figure No. 2 . Cumulative data is
plotted in Figure No. 3 as a Percentage Greater Than curve.

The curves show the particle count to follow a unimodal modified
log-normal distribution. The cumulative plot , Figure No. 3, shows
the modification to be of limited growth where M, # 0 and Mgk o0 .
This modification is typical of sample processing effects where
limitation techniques are introduced to cause an artificial distribution.
The asymptotic deviation of the Greater Than curve shows M,= 5p
as an upper limit. Some of the modification in the fine region may be
due to the increasing difficulty in accurately sizing the smaller
particles in this magnification range.

The Greater Than curve also shows that 50% of the particles have a
diameter of 1.5 p or more, This is the value which would be expected
of a symetrical curve limited between 0.5 and 2.5 microns.

The percentage value of any particular interval can be easily obtained
by making a summation of the data for that range as found in the
Incremental Percent Count column of the data table. The percent of
the particles occuring in the 0.5 to 2.5 pu interval is 68.4% .
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SLOAN RESEARCI. INDUSTRIES, INC,

DETAILED DESCRIPTION FOR EQUIVALENT CIRCLE TECHNIQUE;

OF PARTICLE SIZE ANALYSIS

Regui red:

1. A circle template with 10 or more circles in the range of 1/16 inch to
11/2 inch,

2. A micrograph taken at a magmhc ation which brings the particles of
interest in the range of 1/16 inch to 1 1/2 inch,

As sumegl_:

1. Particle cross sections are symmetrical, and can be easily approx-
imated by an equivalent circle,

2. The cross section micrograph is of a truely representative area.

3. Particle volume is symmetrical, and the micrograph represents a
random particle orientation,

Procedure:

The following is a step-by-step procedure for circle ejuivalent particle
size analysis.

1. Find the largest particle present and find an equivalent circle to match
its cross-sectional area, With a contrast color pen, circle the grain
and count one, »

2, Identify, circle and count each particle which can be represented by
this largest equivalent circle.

3. Using each selected smaller size circle, mark, count and accumulate
equivalent circle data.

4, When the count has been completed, no free grain should remain
uncircled unless:

a. the particle touches the outer boundary of the area selected
for analysis.

b. the boundary of the particle is not sufficiently well delineated
to define an equivalent circle,

c. the particle is below the size of the smallest equivalent circle.

5. Take the sum of all counts. .

6. Unitize the equivalent circle count, and express individual values as
percent total population,

7. Taking the arithmetic mean between equivalent circle sizes, describe
each individual particle size range.

8. REPORT AND PLOT PERCENT TOTAL POPULATION VS, EQUIVA-

- LENT CIRCLE SIZE OR EQUIVALENT PARTICLE RANGE,

9. Take the product of the cube of the equivalent circle diameter,
and the individual count for that equivalent circle size -- unitize as in
steps 5 and 6.

10, REPORT AND PLOT PERCENT TOTAL PARTICLE VOLUME OCCU-
PIED VS, DIAMETER OR EQUIVALENT PARTICLE SIZE RANGE,

~—
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COMPUTED FACTORS FOR PARTICLE SIZE ANALYSIS

FOR SAMPLE S/M NO, E2143

Incr. %

Particle Particle %
Size - Count Count Greater
0- .24 0 0 0
.25~ .49 119 12,6 87.4
.5 = .74 122 13.0 4.4
.75~ .99 i25 13.3 61.1
1.0 -1.24 81 8.61 52.5
1.25=1.49 80 8.50 44.0
1.5 -1.74 82 8.71 35.30
1.75-1.99 58 6.16 29.12
2.0 -2.24 48 5.10 24,02
2.25-2.49 48 5.10 18.92
2.5 «2.74 36 3.82 15,10
2,75-2.99 35 3.72 11,38
3.0 -3.24 35 3.72 '7.66
3.25-3.49 34 3.61 4.05
3.5 «3.74 17 1.81 2.24
3.75-3.99 7 .74 1.50
4.0 -4.24 6 .64 .86
4,.25-4.49 6 . 64 .22
4.5 -4, 74 1 .11 .11
4,75-4.99 1 .11 0
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FIGURE 3 CUMULATIVE DISTRIBUTION FOR

SAMPLE S/M NO. E2143
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ELECTRON MICROSCOPIC PARTICLE SIZE ANALYSIS

OF EOS LOT PTF TUNGSTEN MICROSPHERES

(Classified from Linde Powder)
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Introduction

On October 8, 1965, one sample of tungsten microspheres EOS Lot
PTF, Purchase Order No. 58639, was received in the laboratory
for particle size studies by electron microscopic methods, It was
requested that the study techniques be similar to those used in SRI
Report No. 566240. The following report is'the result of the studies
and is hereby respectfully submitted.

Sample Preparation and Study Techniques

A somewhat different method of sample preparation was used, which
we believe should assure a more uniform sampling and still produce
an adequate dispersion of the studies. This method is described as

. follows. An aliquot of the sample was mixed in a small vial with

high purity hexane and then exposed to a 50, 000 cps high intensity
ultrasonic agitation for about two hours, Carbon filmed viewing
grids were dipped into the dispersion immediately after removal of
the sound power and allowed to dry. Viewing was accomplished in

a Norelco EM 100B electron microscope, capable of resolving 14 A,
Accurate calibration of the magnification was made by using . 26p
polystyrene latex calibration spheres having a standard deviation of
.0060ix. The particle size counts were performed in a .25 increment
by the equivalent circle technique which was discussed in detail in
SRI Report No. 566240, E

Electron Micrographs

In the lower right corner of each of the micrographs contained in this
report, a pair of black marks may be seen, This distance between
the inner edges of these marks represents a distance of one micron
on the surface of the micrograph,

A stamp has been placed on the back of each micrograph in this report,
which contains information as to the identity of the sample from which
the micrograph was made and the conditions under which the micro=
graph was taken,

The particles in this sample were found to be more uniform in shape
than those observed in SRI Report No, 566240. No elongated particles
were found to be present in this sample. The particles are in general
quite spherical, with a small percentage foccurring mostly in the
smaller size ranges) exhibiting flattened crystal-like faces. No
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extremely large atypical particles were found to occur in this sample,
Many more of the very fine particles could be clearly distinguished

in this sample. This may be partially due to the slightly higher mag-
nification and the different method of sample processing which was used.

Discussion of the Particle Size Data

The counts and distribution data were taken from six representative
micrographs of the sample, containing a total of 771 particles.

For your information, a more complete statistical analysis has been
made to give additional particle parameters, The calculated data and
graphs will be found at the end of this section.

The histogram (Figure 1) and the frequency distribution (Figure 2)
would seem to indicate a bimodal distribution, which would mean that two
sources or mechanisms are responsible for the particles. The greatest
deviation from the 10g —normal distribution that should be expected is
due to the unusually high contribution of the very fine particles from the
0 -~ .24p range. Micrograph 2 shows a group in the lower center which
is literally covered with .1 - ,2u particles, These were not counted
as they were considered to be an atypical grouping. To determine if
these fine particles were due to some other sample contaminating
material, a quick check was made using X-ray diffraction methods

but no tungsten oxide formation or other crystallographic contaminants
were found to be present. The Cumulative Distribution Graph (Figure
3) shows the particles again to have the limiting modification in the
larger particle size range as the curve is asymptotic to 4p. The devi=-
ation from the straight line slope on the upper portion of the curve is
greatly emphasized by the above normal accumulation of the very fine
particles. This curve shows that 50% of the particles in the sample

are larger than ,8p in diameter,

As can be seen on the included data table, the arithmetical mean
particle diameter has been calculated to be 1,17,

Using the interval summation values from the incremental % count

data, the percent of the particles occurring inthe .5 ~ 2,5 u range
is calculated to be 63, 8%. '
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STATISTICAL VALUES COMPUTED FROM

PARTICLE SIZE ANALYSIS FOR EOS LOT PTF

ARITHMETICAL MEAN DIAMETER

_ Znd
dn = N
dn = 1.173p

MEAN SURFACE DIAMETER

dA=-g-£
‘ z'nd2
d, =2.23

i

TOTAL E. M. SURFACE AREA

NOTES:

n = number of particles of diameter, d
N = total number of particles counted
A = density (tungsten 19, 3)
/gm= surface area as measured in square meters per gram.
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FIGURE 2

FREQUENCY DISTRIBUTION CURVE
INCREMENTAL % COUNT VS, PARTICLE SIZE FOR EOS LOT PTF
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THE ELECTRON MICROSCOPIC EXAMINATION OF

TANTALUM AND RHENIUM MICROPARTICLES TO

DETERMINE THE PARTICLE SIZE DISTRIBUTION
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INTRODU CTION

On December 22, 1965, a sample of rhenium and a sample of tantalum
microparticles were received in the laboratory for the determination of
the particle size distribution by electron microscopic methods., The fol-

lowing report is the result of the study and is hereby respectfully submitted.

SAMPLES

The following samples were received:

Classified SGQ-4 Ta less than 3u Sediment
Classified Rhenium, Fraction No. 1.

SAMPLE PREPARATION

Several methods for particle dispersion were tried and evaluated to attempt
to break-up the serious agglomeration which was encountered with these
samples, These methods included aerosol techniques and ultrasonic aéi-
tation in liquids of various densities. Additions of various surfactants were
also tried. The meth‘od chosen for the study was comprised of suspending the
particles in high purity hexane and exposing this mixture to high intensity
ultrasonic agitation for a period of 11/2 hours, A small amount of the
suspension was allowed to evaporate on carbon filmed viewing grids, Rep~
v resentative viewing grids prepared by the @bove method were also shadowed
by vacuum evaporating germanium metal onto the grid from a filament ar-
:ranged in such a way so that the germanium is deposited onto the sample at
an angle of 45°. This technique effectively shows the third-dimension con~
tour shadow. The viewing grids were then examined in a Norelco EM 100B

electron microscope capable of resolving 14 A,

"A-29
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ELECTRON MICROGRAPHS

In the lower right corner of each of the micrographs contained in this
report, a pair of black marks may be seen, This distance between
the inner edges of these marks represents a distance of one micron on

the surface of the micrograph.

A stamp has been placed on the back of each micrograph in this report
which contains information as to the identity of the sample from which
the micrograph was made and the conditions under which the micrograph

was taken,

DISCUSSION OF THE ELECTRON MICROGRAPHS

Classified SGO-4 Ta less than 3 Electron Micrographs 1 « 5
Sediment

Of the two samples the tantalum was found to have a higher degree of
particulate dispersion, ;;.lthough there was still almost no separation

of the very fine particles from the surfaces of the larger particles., The
shadowed portion of the sample (Micrographs 1 and 2) illustrates the three=-
dimensional nature of the particles. The particles appear to be randomly
'shal;ed bulk particles. A few flat, flake-like particles are also présent.
The edges of most of the parti.cles are sharp rather than rounded. The
agglomeration is three~-dimensional in nature with particles lying on top

of each other as well as side by side.

The particle size in general extends to about 4p in diameter, A few par-
ticles ranged as high as 7 1/2 1 but they were not considered to be typical.
Although the majority of the small particles cannot be seen‘dist"inctly due
to the severe agglomeration which is present, a few can be seen projecting
from the surfaces of the larger particles and are found to range below

1/10y in diameter,



Classified Rhenium, Fraction No. 1 Electron Micrographs 6 - 10

The rhenium particles appear distinctly different when compared with

the tantalum particles previously discussed, This difference is exhibited
by the rounded edges of the particles. The agglomerations occur in much
larger masses and are firmly attached to each other as though they had
been fused together. Further evidence of this hypothesis is presented by
the fact that several of the dispersion techniques which were tried out
approximated the same degree of particle deagglomeration as that shown
in the micrographs. This may indicate that the particles are physically
attached to each other rather than possessing the normal agglomeration -
due only to surface attractive forces. It is possible in the electron micro=
scope to increase the beam current to the extent that the carbon filmed
cellulose nitrate substrate rolls up due to differential thermal expansion,
When this was done, the rhenium agglomeration remained intact as the
substrate rolled up. There was no movement of particles within the ag-
glomerations. Although the shadowed micrographs (Micrographs 9, 10
and 11) show the particles themselves to be three~dimensional, the agglom=
erations tend to be mo‘re two-dimensional in nature, This fact was also
observed as the substrate rolled up, and tumbled the flat agglomerations

on edge.

There do not appear to be as many very fine particles in this sample

(although again there is evidence that the majority of the fines are hidden

on the surfaces of the larger particles). It was foi.nd that the particles of

this sample also ranged down to less than 1/10p in diameter, The particles

ranged to about 5y in the other direction,




PARTICLE SIZE DISTRIBUTION

"Best efforts'’ attempts were made by this laboratory to adequately
disperse the particles in such a manner that the full distribution range
could be observed and studied. However as the micrographs show,

this was not possible., Any attempts to make a particle size distribution
analysis by counting the particulate material, as displayed on these

micrographs, would be greatly biased in favor of the larger particles

‘due to the agglomeration problem, This problem complicates the matter

in two ways -= as agglomerates can be easily confused with single particles

and the smaller particles cannot be differentiated,
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APPENDIX B

DENSITY AND N, PERMEABILITY DATA

FOR EXPERIMENTAL IONIZER BUTTONS
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TABLE B-1

PERMEABILITY AND DENSITY DATA FOR IONIZERS MADE FROM
0.25-2 .5 TUNGSTEN MICROSPHERES, WITH ADDITIONS OF Ta, Ir, AND Re

(Vacuum Sintered at 1800°C for 7 hours. Series A)

Ionizer | Diam.,| Weight,] Volume, Density, 5t, N2 Permeab?lity,
No. in. gm cm gm/cm3 ¢ theor. sec. gm-cm‘!'sec-. torr-l
Ampro (0.25-2.5u) Tung. Control
UCA-1 .1869 .2364 .01758 13.45| 69.69] 5.54 1.673x10°%"
-2 .1876 .2316 .01735 13.35] 69.17) 4.83 1.865
-3 .1874 .2359 .01767 13.35| 69.17] 5.54 1.664
-4 .1873 .2323 .01738 13.37]| 69.27}5.57 1.631
-5 L1874 .2326 .01735 13.41] 69.48] 5.01 1.807
-6 .1878 .2350 .01779 13.21} 68.45]5.39 1.707
-7 .1874 .2324 .01744 13.33] 69.07 ] 4.82 1.888
-8 .1872 .2391 .01741 13.73| 71.141}7.96 1.146
Av = 13.40] 69.43 1.673x10°°
-9 22204 .3172 .02400 13.22} 68.50} 4.15 1.577x10°8
-10 | .2203 .3194 .02423 13.18]| 68.29] 4.55 1.455
-11 |.2204 .3260 .02438 13.37] 69.27] 4.09 1.625
-12 | .2207 .3384 .02476 13.67] 70.83] 6.37 1.054
AV = 13.36] 69.22 1.428x10™°
(0.25-2.5u) W-104/o Ta
UTA-1 .1867 .2566 .01740 14.75] 77.67 { 64.90 0.142x10"°
-2 .1869 | .2503 .01776 14.09| 74.20]105.34 0.089
-3 .1869 .2602 .01771 14.69] 77.36| 63.40 0.147
-4 .1869 .2578 .01771 14.56] 76.67] 77.66 0.120
-5 .1868 .2612 .01765 14.80] 77.94} 70.09 0.133
-6 .1874 .2637 .01776 14.85| 78.20[101.92 0.091
Av = 14.62| 76.99 0.120x10'6
-7 2201 .3611 .02456 14.70| 77.41} 66.86 0.101x10~°
-8 .2200 .3558 .02460 14.46| 76.15]| 46.35 0.146
-9 .2198 .3504 .02419 14.49]| 76.30] 48.49 0.137
-10 |.2203 .3448 .02448 14.08| 74.14]51.18 0.131
Av %l 14.43] 75.99 0.129x10°°
B-1




TABLE B-I
(Continued)
Ionizer Diam., | Weight, Volume, Density, 5t, Permeability,
No. in. gm o’ gm/cm3 % theor . sec. gm-cm-%sec-%torr-
(0.25-2.5u) W-5W/o Ir
-6
UIA-1 .1881 <2494 .01803 13.83} 71.14, 5.28 1.755x10
-2 .1878 .2603 .01802 14.45) 74.33110.18 0.916
-3 .1877 .2549 .01800 14.16}] 72.841) 5.57 1.675
-4 .1878 <2445 .01783 13.71| 70.52} 4.57 2.019
-5 .1877 .2628 .01750 15.02] 77.26|12.02 0.755
A = 14.23] 73.20 1.424x10"°
-6 |.2206 | .3335 .02492 | 13.38] 68.83]3.51 1.929x10°
-7 .2208 .3463 .02478 13.97) 71.861| 4.19 1.601
-8 .2205 .3674 .02472 14.86] 76.44] 7.38 0.911
-9 .2202 .3431 .02471 13.89] 71.45] 3.87 1.747
Av = 14.03| 72.17 1.547x10°°
(0.25-2.5u) W-10W/o Re
URA-1 .1873 .2357 .01810 13.02] 66.871 5.19 1.823x10°°
-2 .1884 .2366 .01827 12.95| 66.51] 5.89 1.584
-3 .1881 .2325 .01803 12.90}] 66.26) 5.53 1.676
-4 .1878 .2332 .01820 12.81] 65.79] 5.09 1.850
-5 .1877 .2378 .01814 13.11} 67.33] 6.11 1.538
-6 .1872 .2326 .01813 12.83]| 65.90| 5.36 1.772
-7 .1883 .2270 .01811 12.53] 64.36] 4.95 1.873
-8 .1870 .2309 .01773 13.02| 66.87| 6.60 1.414
-9 .1877 .2436 .01827 13.33} 68.46] 7.70 1.230
-10 |.1874 .2332 .01807 12,91 66.31] 5.03 1.875
Av © = 12.94| 66.46 1.664x10™°
-11 |.2205 .3241 .02497 12.98| 66.67 | 4.22 1.610x10™°
-12 |.2201 .3195 .02494 12.81| 65.79}3.79 1.803
-13 |.2206 .3192 .02518 12.68| 65.13} 4.18 1.636
-14 |.2207 .3182 .02494 12.76 | 65.54 ] 3.89 1.739
-15 | .2207 .3311 .02482 | 13.34]| 68.52 | 5.91 1.139
Av =l 12.91] 66.31 1.585x10"°
B-2




TABLE B-II

PERMEABILITY DATA FOR IONIZERS MADE FROM 0.25-2.5u TUNGSTEN MICROSPHERES,
WITH ADDITIONS OF Ta, Ir, and Re (Vacuum Sintered at 2000°C. Series B)

Ionizer | Diam, Weight, Volume, Density &t, N2 Permeability,

No. in gm cm3 gm/cm3 4 theor.| sec gm'cm-{sec-ltorr~1

Ampro (0.25-2.5u) Tung. Control

UCB-1 .1874 .2753 .01785 | 15.42 , 79.90 ,18.25 0.510x10~°
-2 .1878 .2746 .01779 | 15.44 | 80.00 |19.85 0.464
-3 .1876 .2742 .01798 | 15.25 | 79.02 |15.23 0.613
-4 .1877 .2842 .01795 | 15.83 | 82.02 |34.46 0.270
-5 .1878 .2767 .01792 | 15.44 | 80.00 |17.57 0.528
-6 .1875 .2820 .01773 | 15.91 | 82.44 |35.76 0.258
-7 .1880 .2793 .01806 | 15.47 | 80.16 |21.79 0.427
-8 .1877 .2761 .01805 | 15.30 | 79.27 |14.74 0.634

Av = 15.51 80.36 0.463x10"°

9 | .2222 | .3903 .02504 | 15.59 | 80.78 |14.82 0.446x10~°
-10 | .2220 .3985 .02518 | 15.83 | 82.02 |27.40 0.409
-11 | .2222 .3765 .02523 | 14.92 | 77.31 |11.20 0.594
-12 | .2220 .3828 .02518 | 15.20 | 78.76 |13.03 0.512
-13 | .2222 .3872 702523 | 15.35 §79.53 |11.06 0.602

Av = 15.38 79.68 0.513x10°

| [ 1
(0.25-2.5) W-10 W/oTa

UTB-1 - | .1873 .2751 .01838 | 14.97 | 78.67 {103.19 0.093x10"°
-2 .1879 .2735 .01836 | 14.90 | 78.30 | 94.03 0.101

' ' Av = 14.94  78.49 0.097x10"°

-3 | .2207 .3744 .02538 | 14.75 | 77.51 | 69.83 0.099x10~°
-4 .2208 .3792 .02541 | 14.92 | 78.40 | 71.62 0.096

AV = | 14 .84 | 77.96 l | 0.098x10~°

B-3




TABLE B-II
(Continued)
Ionizer | Diam, Weight, Volume, Density 5t, Nz Permeability,
No. in. gm cm gm/cmj % theor.|sec gm~cm-{sec-£torr-1
(0.25-2.5u) W-5 W/olr
UIB-1 .1875 .2740 .01783 , 15.37 { 79.06 27.27 0.340x10™°
-2 .1874 .2614 .01785 14.64 75.31 8.69 1.072
-3 .1876 .2589 .01785 | 14.50 | 74.60 6.23 1.488
-4 .1876 .2587 .01789 | 14.46 | 74.38 7.44 1.249
-5 .1875 .2738 .01787 15.32 78.81 24 .54 0.377
-6 .1878 .2572 .01783 | 14.43 | 74.23 6.65 1.388
T <6
Av = 14.79 76.08 0.986x10
-7 .2221 .3655 .02488 | 14.69 | 75.57 5.85 1.125x10-6
-8 2221 .3819 .02513 | 15.20 | 78.20 |15.87 0.419
-9 .2218 .3659 .02513 | 14.56 | 74.90 5.29 1.263
' ' o <6
Av = | 14.82 | 76.23 i | 0.936x10
. (0.25-2.51) W-10 W/oRe
URB-1 .1886 .2817 .01803 | 15.62 } 80.23 ;22.15 0.411+x10-6
-2 .1887 2712 .01796 15.10 77.56 11.08 0.823
-3 .1885 .2735 .01811 15.10 77.56 12.31 0.750
. <6
Av = 15.27 78.43 0.662x10
-4 2227 .3862 .02515 15.36 78.89 13.00 0.50on10“6
-5 .2227. .3763 .02425 15.52 79.71 8.91 0.712
Av = 15.44 79.30 : 0.609x10™°
B-4




TABLE B-11L
PERMEABILITY AND DERSITY DATA FOR URALLOYED TUNGSTEN IORIZERS
MADE FROM TWO DIFFERENT TYPES OF TUNGSTEN I'OYDER

Ionizer Diam., VWeight, Volume, Density ot, N, Permeability,
. 3 3. 21 -1

No. in. £m cm ga/cm % theor, sec. gm'cm  *scc | Ctorr
I-P3 92uW/o Hz-Rcd. Tungsten + 8 W/o Cu Flake Mixture
-1 .1855 .2263 .01723 13.12 67.98 14.04 0.667 x 10‘6
-2 .1864 .2258 .01753 12.88 66.74 7.53 1.240
-3 . .1861 .2254 .01720 13.10 67.88 8.94 1.032
=4 - .1869 .2177 .01735 12.55 65.03 5.71 1.602
-5 .1859 .2217 .01712 12.95 67.10 8.10 1.139
-6 .1856 - 2144 .01729 12.40 64.25 9.94 0.943
-7. .1861 .21938 01747 12.58 65.18 7.29 1.285
-8 .1853 .2338 .01719 12.18 63.11 15.09 0.622
-9 .1861 .2250 .01716 13.11 67.93 7.08 1.300
-10 .1853 .2194 .01613 13.60 70.47 12.88 0.683
-11 .1858 .2295 .01702 13.48 69.84 12.68 0.724
-12 .1869 .2180 .01704 12.79 665.27 4.81 1.867

: Av = 12.90  66.84 | 1.092 x 10°°

Tungsten Microsphere Controls
Ic (78.1% by count of 0.25-2.5! particles)
-1 .2192 .3507 .02560 13.70 70.98 7.09 1.006 x 10"6
-2 L2194 .3501 .02534 13.82 71.61 6.92 1.017 :
-3 .2192 .3497 .02523 13.86 71.81 7.11 0.989
-4 .2192 .3437 .02510 13.69 70.93 7.34 0.953
-5 . .2196 .3502 .02538 13.80 71.50 7.03 0.999
-6 .2193 .3517 .02531 13.90 72.02 7.00 1.006
-7 .2188 .3513 .02495 14.08 72.95 11.58 0.605
-8 L2194 .3492 .02540 13.75 71.24 6.85 1.029
-9 .2193 .3472 02494 13.92 72.12 8.01 0.865
Av = 13.84 71.71 . 0.941 x 10°°
B-5



TABLE B-IV

PERMEABILITY AND DENSITY DATA FOR IONIZERS MADE FROM
0.25-2.54 TUNGSTEN MICROSPHERES P%US TANTALUM AND RHENIUM PARTICLES
(Sintered at 1800°C for 105 Minutes)

1
{
1
!
:
[}
'
1
i

-
;

Ionizer Diam., Weight, Volume, Density, ot, N, Permeability,
i 3 3 Y -1 - -
No. in. gm cm gm/cm % theor, sec. gm°'cm -sec  -torr
IXT W-104/0oTa
-1 .2169 .3605 .02434 14.81 77.82 71.47 0.099 x 10°°
-2 .2168 .3612 .02450 14.74  77.46 75.42 0.095
-3 L2171 .3635 .02438 14.91 78.62 72.21 0.098
-4 .2168 .3525 .02450 14.39  75.62 74 .90 0.095
-5 .2169 .3583 .02422 14.79  77.72 73.33 0.096
-6 .2168 .3582 . 02444 14.66  77.04 76.00 0.094
-7 .2170 .3627 .02442  14.85  78.03 71.90 0.099
-8 .2169 .3587 .02452 14.63  76.88 76.30 0.093
-9 .2168 .3519 .02426 14.51 76.25 71.27 0.099
Av = 14.70 77.25 0.096 x 10-©
IXTVR W-10W/oTa-5W/oRe
-1 .2183 .3538 .02490 14.21 74.36 37.25 0.189 x 10°°
-2 .2179 .3507 .02493 14.07 73.63 38.47 0.185 ’
-3 .2182 .3502 .02494 14.04  73.47 38.38 0.184
-4 .2185 .3466 .02494 13.90 72.74 36.92 0.191
-5 .2186 .3448 202490 13.85 72.48 34.64 0.203
-6 .2183 .3517 .02496 14.09  73.73 36.03 0.196
-7 .2178 .3537 .02491 14.20  74.31 38.06 0.187
-8 .2182 .3454 .02476 13.95 73.00 35.43 0.198
-9 .2180 .3510 .02483 14.14  73.99 38.09 0.186
Av = 14.05 73.52 0.191 x 10-©
IXTXR W-10W/oTa-10W/oRe
-1 .2183 3424 .02514  14.02  73.02 67.94 0.105 x 10°°
-2 .2186 .3581 .02490 14.38  74.90 47.59 0.147
-3 .2185 .3537 .02452  14.42  75.10 47.27 0.146
-4 .2186 .3528 .02478 14.24  74.17 47.00 0.149
-5 .2183 .3597 .02496 14.41 75.05 75.66 0.093
-6 .2188 .3528 .02483 14.21 74.01 47.94 0.145
' Av = -14.28 74.38 55.42 0.131 x 10-6
B-7



APPENDIX C

LeRC IONIZER PELLET
EVALUATION REPORTS




jo JTZER BULTTON LVALUAY IO\ REPORT
BUFTOR CODE IVINR-16
BUTTON TYFE_Sph. M-Sga-MBe TEST DAYE__ Apyil 1946

- ‘ - 0
MADE BY EOS : . PORLS PER c.\12 11.98 % 1C

AVERAGE PARTICLE $1zk ©F Sph. W Dase=1.17u AVERAGE DORE SIZE 1.56

PARTICLL SiZE DTST WIBUTION PORE SIZL DISTRIVUTI
MICRON DIANMETER PELRCENT MICRON DIAMETER PERCﬁX
7.5 - 5.0 C.0 >1.6

5.0 - 4.0 0.1 .- 1.2 - 1.6
4.0 - 3.0 3.8 0.8 - 1.2
3.0- 2.8 12.6 0.4 - 0.8
2.0 - 1.0 32.4 <0.¢&
<1.0 51.1 AV CENTLR DISTANCE BETWEEN PORES

) . X it D.891

BUTTON DIANETER (KFFECTIVE) .4C4 CH, THICKNESS_.1024%, DESSITY 63.6 PERCENT
TRANSHISSION CORFIICINAT G483 » 10 -4 | :

rn'c sunE (Abs Chamber»-27--

_TORR dp/tt 1.49 TORR/SEC

weme e 3
CALCULATED TREE DINSITY 13.725 sv/om

SURTACE TL;A"JTx' Srd, Vet Crindins WORX FUNCTION Bel 0“ ]LHALPH ., 5.G.,eV

s AR EXER bRy « .
SANPLL'IAfORﬂuﬂfC Pore parauzters are av. valves correspording to 71.9 7 donsity.

Curves shouing:

Ion Current Density Versus Ionizer Temperature
Reutral Fraction Versus JYonizer Tcuperature

) Neutral Fraction Versus ion Current Density
are included in_Scctinn>6, rather than on this format. This is neccssitated
by the 3-decade @ values obtained oa certain ionizers, whercas the fermat

scales contained only 2 decades.

C()nCIUSl.OllS: DE:_:?X S:::E’_ﬁq S;rl;}:)_r ]:(,r\_)"/.nj- i_,\-- ol (' T :3_11\‘ This oot "L] _an~ 35¢5

_exeellent perforuance characteristics, similar to {7, denso rhﬂvﬂf—rcvo ionizors

Feutral fraction is very lesoat low temp. dux to sherp uin. in o vs T curve, =
Tese szade by Do Thorroon date L/Y4/00 report prepared by . Thoo
: M. LiChance

ransiticn Lewmervature is also low, near the Langmuir data.
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IONIZER BUTTON EVALUATION REPORT

BUTTON TYPE Shaped-Pore Buttom I-5 TEST DATE October 1965
MADE BY EOS PORES PER CM> 1.71 x 10°
AVERAGE PAKTICLE SIZE_ 0.8y G.E. Tungsten AVERAGE PORE SIZE 3.86
PARTICLE SIZE DISTRIBUTION By Reduced PORE SIZE DISTRIBUTION
MICRON DIAMETER PERCENT MICRON DIAMETER PERCENT
7.5 - 5.0 0.0 >1.6
5.0 - 4.0 2.2 1.2 - 1.6
4.0 - 3.0 4.3 0.8 - 1.2
3.0 - 2.0 2.9 0.4 - 0.8
2.0-1.0 22.3 <0.4
<1.0 68.3 AV CENTER DISTANCE BETWEEN FORES],24H
BUTTON DIAMETER (EFFECTIVE).442 CM, THICKNESS .0998CM, DENSITY §7,7 PERCENT
TRANSMISSION COEFFICIENT2.28 x 103
FRESSUSE_(Abs Chamber)<2 x 10°’ TORR  ap/at 7.93 TORR/ SEC

CALCULATED TRUR DENSITY 13.06  gm/cm>

~ SURPACE TREATMENT Murakamis Etch WORK FUNCTION 4s

SAMPLE INFORMATION Mede from "W + 8i/o copper £ with temperaturs 2o abon 1350°c

Curves showing:
Ion Current Density Versus Ionizer Temperature
Nezutral Fraction Versus Ionizer Temper;ture
Reutral Fraction Versus Ion Current Density
are included in Secticn 6, rather than on this format. This is necessitated
by the 3-decade & values obtained on certain ionizers, whereas the format

scales contained only 2 decades.

Excellasnt performance. Neutrel fraction at ISuA/cn i3 5X lowsr then

EQS fine spherical powder tumgsten. ‘l.'hruhgld temperature near Langmuir

deta for ion current donlity abovo 15 nAl 81ne¢ por. dcnaity is
Conclusions: 4 15 .

e 34 LOEIER A i‘ ¥

clongnt.d yore shape, or inprovcd porou- nacvork

Test made by p Thozoaon date 10/27-28/65 report prepared by B. Thompson and
G. Kuskevics M. LeChance

R ELING (/v cedtenaN Ve b

c-3

PRECEDING PAGE BLANK NOT FILMED.




IONIZER BUTTON EVALUATION REPORT

BUTTON TYPE Shaped-Pore Button II-2 TEST DATE November 1965
MADE BY EOS _ PORES PER CM21.71 x 10°
AVERAGE PARTICLE SIZE 0.8u G.E. Tungsten AVERAGE PORE SIZE 3.86 m
PARTICLE SIZE DISTRIBUTION Dp Reduced PORE SIZE DISTRIBUTION
MICRON DIAMETER PERCENT MICRON DIAMETER PERCENT
7.5 - 5.0 0.0 >1.6
5.0 - 4.0 2.2 1.2 - 1.6
4.0 - 3.0 4.3 0.8 - 1.2
“3.0 - 2.0 2.9 0.4 - 0.8
2.0 - 1.0 22.9 <0.4
<1.0 68.3 AV CENTER DISTANCE BETWEEN Poxzslf:‘.-.:’p
BUTTON DIAMETER (EFFECTIVE) .422(CM, THICKNESS 1092 cM, DENSITY 66.5 PERCENT
TRANSMISSION COEFPICIENT 2.16 x 10™* ~ o
PRESSURE (Abs Chamber) < x 10 TorR bp/at 6.80 TORR/ SEC
CALCULATED TRUE DENSITY 12.84 gm/cm3
SURFACE TREATMENT Std. Wet Grinding WORK FUNCTION is high and increases with

SAMPLE INFORMATION Made from "W + 8 W/o Copper Flake" Mifffpgrature to above 13500

Curves showing:
Ion Current Density Versus Ionizer Temperature
Neutral Fraction Versus Ionizer Temperéture
Reutral Fraction Versus Ion Current Density
are included in Section 6, rather than on this format. This is necess.itated
5y the 3-decade @ values obtained on certain ionizers, whereas the format

scales contained only 2 decades.

Best fonizer tested to date. Neutral fraction is 5X lower than for EOS
fine spherical powder tungsten. Threshold fewperatures near Langmuir
data for ion current density above 25 mA/cm” . Since pore density is

Conclusions: low, improved performance may be due to larger total pore area, elongated

~pore shape, oY improved porous metwork:
Test made by B. Thompson and date 11/23-24/65 report prepared by B. Thompson and
G. Kuskevics M. Lalhance
c-4
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IONIZER BUTTON EVALUATION REPORT

BUTTON TYPE Low Density Stabjilized (VIB-1) TEST DATE_Febryary 1966

MADE BY ] EOS PORES PER oM Indeterminate
AVERAGE PARTICLE SIZE 0.8:-G.E. Tungsten AVERAGE PORE SIZE Indeterminate
PARTICLE SIZE DISTRIBUTIONH2 Feduced PORE SIZE DISTRIBUTION
MICRON DIAMETER PERCENT MICRON DIAMETER PERCENT
7.5 - 5.0 0.0 >1.6
5.0 - 4.0 2.2 ) 1.2 - 1.6
4.0 - 3.0 4.3 0.8 - 1.2
3.0 - 2.0 2.9 0.4 - 0.8
2.0-1.0 22.3 <0.4 " Indetérminate
<1.0 68.3 AV CENTER DISTANCE BETWEEN PORES !
BUTTON DIAMETER (EFFECTIVE) .34 CM, THICKNESS,1016CM, DENSITY47,Q PERCENT
TRANSMISSION COEFFICIENT 5.21x10™ %
PRESSURE (Abs Chamber),g-z_oxm-‘}ORR ' Ap/At 15.83 TORR/SEC

CALCULATED TRUX DENSITY 9.45 gm/cm3

~ SURFACE TREATMENTStd, Wet Grinding WORK FUNCTION below SmA[cmZ,é.Qﬁ eV

SAMPLE INFORMATIOR Made from W-8 wt® Cu flake-4 wt$ BN mixture

Curves showing:
Ion Current Density Versus Ionizer Temperature
Neutral Fraction Versus Ionizer Temperature

Neutral Fraction Versus lon Current Density

are included in Section 6, rather than on this format. This is necessitated

by the 3-decade & values obtained on certain ionizers, whereas the format

scales cdnta_ingd only 2 decades.

Performance was poor by current standards. Neutral fraction was 3-5X higher than
E3 (1-4u) spherical powder ionizers, and a decade higher than 67% dense s$haped-

pore and W-5w/o Ta-10w/oRe alloy ionizers. Neutral fraction vs temperature curve
has broad minimm, Transition temperature is 15° below Langmuir data at AmA/cmz,

Conclusions: and increases quickly to 70°C above Langmuir data at ISmA/cmz.

Test made by B. Thompson date 2/9-10/66 report prepare-d by B. Thompson and
‘ M. LaChance




